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I.

A.

INTRODUCTION

Purpose of the Study
In recent decades GIS has become crucial for environmental problem-solving

around the world. Particularly in developing countries such as India, the use of GIS with
satellite imagery can provide vital landscape information such as agricultural health,
forest cover extent, and land degradation impacts on a far greater scale than conventional
ground assessments. While satellite imagery shows an overall decline in forest cover
around the world, an opposite trend can be seen in India where they have been
experiencing forest regeneration since the 1980s (Li et al., 2013). In this study, I will
particularly focus on the impact of environmental policy on India’s recent forest
transition.
The main goal of this study is to bridge the gap between GIS and forest
management policies in the Western Ghats of India.

India’s government plays an

important role in supporting forest transition by establishing varying policies that attempt
to preserve and/or restore forest cover (Li et al., 2013). In recent years these policies
have shifted toward encouraging participatory systems of management by local
communities rather than strictly national or state governments (Nagendra et al., 2005).
However, geospatially representing the impacts of recent community management
systems has to this point not been attempted.
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B.

Specific Objectives
This study will attempt to answer three main questions:

1. What are the patterns of forest cover change (health and extent) in the
Western Ghats from 2001 – 2011?
2. How do forest management practices differ between states and districts?
3. Can modifications in national, state, and/or local forest policies be linked
to changes in forest cover using GIS and remote sensing technology?

To answer these questions, the remainder of this thesis is split into five chapters:
literature review, background, methodology, findings, and discussion.

Chapter 2

(literature review) provides relevant information on similar GIS/environmental policy
related studies. I review studies focused on the impact of state versus community-based
forestry management practices. Chapter 3 (background) provides a review of the study
area, general land cover, and key environmental policies.

After this, chapter 4

(methodology) discusses the step-by-step methods used to prepare and analyze the
satellite imagery acquired for the study. Chapter 5 (findings) summarizes the relevant
results from the satellite imagery analysis including vegetation health and extent. Lastly,
chapter 6 (discussion) explores the land use and policy correlations present in the study
area as well as discussing final recommendations.
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C.

Summary
The purpose of this thesis is to analyze the potential correlation between forest

transition and decentralized environmental policy in the Western Ghats of India. If the
impacts of joint forest management can be seen geospatially, the possible impact on
future policy creation and implementation would be considerable. With the ability to
track forest conservation at the regional/community level state and local governments
will be able to choose the best implementation practices for their particular region with
more certainty and ease leading to improved management impacts.
In summary, combining geospatial data with local community and state
knowledge is vital for improved implementation and management. By analyzing the
change in forest extent and health as well as the coordinating state and local level policies
this study begins to bridge the gap between science and policy.
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II.

A.

LITERATURE REVIEW

Remote Sensing: Basic Principles
A central principal underlying the use of remotely sensed data is that diverse

objects on the surface of the Earth and in the atmosphere reflect, absorb, transmit or emit
electromagnetic energy from the sun in different proportions across the electromagnetic
(EM) spectrum (Figure 2.1) (Mather & Koch, 2011). These differences allow objects to
be identified uniquely based on their spectral reaction to EM energy.
There are several key terms used to define electromagnetic radiation and its
properties.

The following paragraph will provide a brief description of the key

terminology relevant to this study. Radiant flux is the rate of transfer of EM energy,
hence radiant flux density is the magnitude of the radiant flux that is incident upon or,
conversely, is emitted by a surface of unit area (measured in W/m2). If radiant energy
falls upon a surface—such as the Earth’s surface—then the term irradiance is used in
place of radiant flux density. The term radiance is used to define the radiant flux density
transmitted from a unit area on the Earth’s surface as viewed through a unit solid (threedimensional) angle. Lastly, reflectance is the dimensionless ratio of the emitted radiation
of an object and the irradiance. We convert the radiance values recorded by the sensor
into reflectance factors in order to eliminate the effects of variable irradiance over the
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seasons of the year (Mather & Koch, 2011).

For this study all wavelength values

represented are given in terms of reflectance.
Radiation is not only received from the sun but also emitted by the Earth.
Upwelling radiation from the Earth contains crucial information about the nature of the
surface material present, topographic position (i.e. slope), and state of the atmosphere
through which the upwelling radiation must pass (Mather & Koch, 2011). A combination
of incoming and outgoing radiation is used to most accurately represent the state of the
surface or atmosphere being analyzed.

However, multiple variables will affect the

spectral reflectance curve including soil conditions, vegetation growth state, solar
azimuth and elevation angles, topographic position of the target (slope orientation), and
the state of the atmosphere (Mather & Koch, 2011). Pre-processing methods are used to
alleviate the errors caused by these variables. The methods used in this study will be
discussed in Chapter IV Section C.
Spectral reflection and emission characteristics can be used to distinguish specific
Earth-surface materials; further, changes in these specific spectral characteristics, or
spectral signatures, can also be used to identify changes in the specific properties of
objects, such as health, growth stage, or water content. One of the primary sources for
estimating extents of these materials and their relative properties are vegetation indices.
The following section provides a brief description of these indices and their use in
environmental monitoring.
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Figure 2.1 Electromagnetic spectrum from 0.3 μm to 80 cm. The vertical dashed lines
show boundaries of wavebands such as the visible and near-infrared (NIR). The curve
shows atmospheric transmission where areas with high transmittance are known as
atmospheric windows and areas of low transmittance are opaque. Regions of the
spectrum with high transmission are readily used to remotely sense earth and atmospheric
conditions while low transmission regions cannot be used (from Mather & Koch (2011)
figure 1.7 p. 7).
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B.

Vegetation Index Analysis

B.1

Vegetation Index Background

Vegetation indices derived from satellite imagery have become one of the primary
sources for monitoring vegetation conditions and mapping land cover change (Teillet et
al., 1997).

A vegetation index is basically a transformation or ratioing of spectral

reflectances used to represent land cover conditions. In particular, sensors with spectral
bands in the red and near infrared (NIR) do well in vegetation monitoring.

The

relationship between the red (0.62-0.70 μm) and NIR (0.74-1.1 μm) bands has been
shown to be a strong indicator of the amount of “photosynthetically active green
biomass” (Tucker, 1979) since vigorous vegetation reflects strongly in the NIR and
absorbs radiation in the red band (Mather & Koch, 2011).
With respect to vegetation indices, the ratio images have two important
properties. First, strong differences in the intensities of the spectral response curves of
different features may be emphasized in ratioed images (Figure 2.2). Secondly, ratios can
suppress the topographic effects and normalized differences in irradiance when using
multi-date imagery (Singh, 1989). Jackson et al. (1983) stated the model vegetation
index would be highly sensitive to vegetation dynamics, insensitive to changes in soil
background, and only somewhat influenced by atmospheric path radiance. The ratioing
of two spectral bands reduces much of the effect of any superfluous multiplicative factors
in sensor data that act equally in all wave bands of analysis (Lillesand and Kiefer, 1979).
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For this study, four vegetation indices were initially analyzed: the simple ratio
(SR), enhanced vegetation index (EVI), moisture stress index (MSI), and normalized
difference vegetation index (NDVI). Of these, NDVI was chosen as the most appropriate
for analyzing both changes in forest extent and health. The following section provides a
brief description of the origin of NDVI as well as relevant studies that also found NDVI
to be the most appropriate vegetation index for land cover analyses.

Figure 2.2 The ratio of a pixel value at NIR wavelengths (~ 1.0 μm) to
the corresponding pixel value in the red region (0.6-0.7 μm) is larger
for areas covered by healthy, green vegetation while for soil and water
it will be around 1.0 and less than 1.0, respectively (from Mather &
Koch (2011) Figure 6.7 p. 153).
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B.2.

NDVI

The most widely used vegetation index, the normalized difference vegetation
index (NDVI), was introduced by Deering in 1978 and Tucker in 1979 and can be
defined as the ratio of the difference of the NIR and red band divided by their sum
(Brown et al. 2006) as shown in (2.1):
(2.1)

Here ρnir and ρred represent the NIR and red reflectance values, respectively.
NDVI values range from -1 to 1 where lower values represent low chlorophyll content or
greenness while higher values represent healthier, lush vegetation.

Since sums and

differences of bands are used to calculate NDVI rather than absolute values, it is more
appropriate for use in studies where comparisons over time for a single area are involved,
since the NDVI might be expected to be influenced to a lesser extent by variations in
atmospheric conditions (Mather & Koch, 2011).
NDVI is commonly used to monitor vegetation health and dynamics, enabling
both easy temporal and spatial comparisons.

There have been numerous studies

identifying NDVI has the most appropriate vegetation index for land cover assessments
(Iverson et al., 1989 – Jackson County, Illinois, United States; Anderson et al., 1993 –
northeast Colorado, United States; Huete et al., 1997 - global; Lyon et al., 1998 –
Chiapas, Mexico; Bawa et al., 2002 – Western Ghats, India; Cooke & Jacobs, 2002 –
Georgia, United States; Nagendra et al., 2005 - Nepal; Pettorelli et al., 2005 - Norway;
Prasad et al., 2007 - India). Further, NDVI is preferred to the simple red:NIR (simple
9

ratio) ratio by many researchers because the ratio value is not affected by the absolute
pixel values in the NIR and red bands (Mather & Koch, 2011).
With respect to other indices, very small particles with radii less than the
wavelength of the electromagnetic radiation of interest are responsible for Rayleigh
scattering. The effect of this type of scattering is inversely proportional to the fourth
power of the wavelength, which implies that shorter wavelengths are much more
seriously affected than longer wavelengths. Blue light (wavelength 0.4-0.5 μm) is thus
more powerfully scattered than red light (0.6-0.7 μm) (Mather & Koch, 2011). This is
why NDVI rather than the enhanced vegetation index (EVI) was the primary index
utilized for this analysis as the EVI utilizes the blue band for its calculation. This is also
verified in a study conducted by Lyon et al. (1998) comparing the accuracy of seven
different vegetation indices where NDVI was found to be the most accurate vegetation
index for locating and calculating the rate of deforestation validated by visual
interpretation and field work in Chiapas, Mexico.
After choosing NDVI as the primary index for analyzing changes in forest extent
and health, it was necessary to define a threshold value range that specifically represents
forest cover in the study area. The methodology for choosing a threshold range is
discussed in the following section.

B.3.

Defining an NDVI Threshold

Landsat ETM+ imagery has been extensively used for research on human-forest
interactions, even in tropical regions such as the Western Ghats, where the extent of
10

vegetation complexity is high (Nagendra et al., 2005). Landsat ETM+ data was used in
this study to calculate NDVI values in order to determine changes in vegetation extent
and health in varying districts in the Western Ghats.
In a study by Prasad et al. (2007), an NDVI threshold value for eight Indian forest
types—including a tropical evergreen forest patch specifically located in the Western
Ghats region—was determined using the Advanced Very High Resolution Radiometer
(AVHRR)-NDVI product data from 1990-2000. AVHRR-NDVI products are all derived
from the 4-km Global Area Coverage (GAC) data collected by NOAA satellites. GAC
data are generated by onboard sampling of the 1.1 km full-resolution data (Pettorelli,
2005). The final NDVI products are 15-day (1-15 or 15-30,31 each month) NDVI
averages with a resolution of 8 km.
The results show 11-year averaged NDVI values ranging from a minimum of 0.42
for tropical dry deciduous forests to 0.70 for tropical wet evergreen (Prasad et al., 2007).
Since tropical dry deciduous forests are present in all five of the states of interest within
the Western Ghats, 0.42 was defined as the minimum NDVI threshold limit for the region
with respect to AVHRR imagery.
However, NDVI is significantly affected by differences in spectral bandwidth,
especially for the red band. NOAA AVHRR red band center wavelength is 633 nm with
a bandwidth of 113 nm while NIR center wavelength is 847 with a 229 nm bandwidth
(Teillet et al., 1997), much larger bandwidths than the Landsat ETM+ red center
wavelength of 660 nm and bandwidth of 60 nm and NIR center wavelength of 835 nm
and bandwidth of 130 nm (Table 2.1)
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Table 2.1 AVHRR and Landsat ETM+ Center Wavelength Designations. All
values provided in nanometers (nm).

AVHRR
Landsat ETM+

Red
Center Wavelength
633
660

Bandwidth
113
60

NIR
Center Wavelength
847
835

Bandwidth
229
130

As a result of AVHRR’s wide spectral bands, it is more sensitive to water vapor
in the atmosphere; an increase in water vapor results in a lower NDVI signal as
represented in a study by Brown et al. (2006) which compared the consistency of longterm NDVI data derived from AVHRR and other sensors with Landsat ETM+. When
comparing NDVI values of AVHRR and ETM+, their results show AVHRR-NDVI
values in the 0.5 – 0.7 region tend to undervalue NDVI calculated from ETM+ imagery.
This means that AVHRR-NDVI data will generally be lower than ETM+ imagery,
particularly regarding tree cover generally representing NDVI values in the 0.5 – 0.7
range. Similarly, in a study conducted by Teillet et al. (1997) comparing the effects of
spectral, spatial, and radiometric characteristics on vegetation indices, it was found that
NDVI decreases as the spectral bandwidth of the bands making up the vegetation index
increases, particularly from 10 nm up to 150 nm. This explains why the AVHRR NDVI
values are lower, because of the large spectral bandwidth of the more sensitive red band
(113 nm). As such, the minimum NDVI threshold value determined using AVHRR data
will likely include more land cover types than strictly forest in the ETM and ASTER
imagery used in this study, leading to an error of commission to be discussed in Chapter
V: Findings.
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Regarding specific accuracy, Chilar et al. (1998) used 1-km AVHRR data from
Canada from 1993 to 1996 and concluded the land surface ΔNDVI threshold of detection
was 0.02-0.04 plus an sensor calibration errors, estimated to be on the order of 0.02-0.04
(Vermote and Kaufman, 1995). This implies the ΔNDVI threshold of detectability is on
the order of 0.04-0.08 NDVI units (Tucker et al., 2005). For these reasons, NDVIcomposite images derived from multiple AVHRR require careful analysis before defining
an NDVI threshold value for the dissimilar Landsat ETM+ imagery.

C.

GIS Assessment of Environmental Policy
Applications of remote sensing techniques have been increasingly explored to

analyze social incentives and actions as well as investigate environmental and societal
change (Liverman et al., 1998; Fox et al., 2003; Schweik et al., 2003; Nagendra et al.,
2004). Specifically, GIS and remote sensing provide valuable methods for quantifying
the impact of varying levels of forest management on land cover change (Nagendra et al.,
2005). In response to rising concerns about the degradation of state-controlled forests,
developing countries are promoting decentralization of natural resource management.
Regarding forestry, there are several problems associated with decision-making at
the state level, and conversely of the positive yet often unrecognized role played by local
communities (Nagendra et al., 2005). As in many other developing countries the process
of nationalization created open-access resources and led to intensifying degradation;
replacing local control over forest assets with an ineffective—and often corrupt—central
governing system resulted in large-scale devastation of forests (Nagendra et al., 2005;
13

Bajracharya, 1983; Neupane, 2000). Recently, the trend has shifted toward participatory
management systems via local communities from the state-centered policies encouraged
in different parts of the world in the mid-20th century (Bray et al., 2003; Prasad & Kant,
2003; Nagendra et al., 2005).

Conservation of rural environments requires the

participation of local users who directly rely on forest resources for their livelihoods.
Unfortunately, “there is a serious deficit of quantitative information linking community
forestry to land use or forest cover (or both)” that can be used as an indicator of
conservation program impacts (Gautam et al., 2002, p. 63).
It is generally difficult to link changes seen geospatially with policy or other
sociopolitical issues because of the interaction of multiple vectors such as demographics,
environmental initiatives and economic stature. But some success became apparent in
the late 1990s in linking biophysical changes with policy or sociopolitical factors in other
countries (Sneath, 1998; McCracken et al., 1999). It is necessary that environmental
changes be linked with policy in order to determine the most promising avenues to
conserve natural resources and thus improve local livelihoods (Gautam et al., 2002).
The following paragraphs outline some key research publications that have
geospatially linked changes in land cover with local level environmental initiatives. In a
study by Gautam et al. (2002) in Nepal, the rate of loss of forest cover was lower in
village development committees (VDCs) with community forestry, and there was a much
greater increase in the spatial extent of high forest although the majority of regions
analyzed reported a decrease in forest cover. Further results show an increase in forest
cover related to community forestry implementation in Roshi, Nepal, and therefore
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support the hypothesis that the formalized implementation of community forestry can
increase forest cover.
In 2011, Casse & Milhøj analyzed 52 research findings comparing forest
conservation with community forestry. The three primary methods of measuring forest
extent included remote sensing, inventory and perception based methods.

Remote

sensing is utilized in this thesis, inventory is simply an account of forest plots, and
perception based methods rely on results from surveys conducted with forest users and
forest managers. Of the 52 cases, 14 were based in India with only three relying on
remote sensing techniques; further, two of these three reported negative impacts due to
conservation initiatives. Nevertheless, the majority of observations in India did reveal
positive results (8 out of 14). All three of the remote sensing driven analyses were based
in the Himalyas, supporting the need for an analysis in the Western Ghats, a similarly
ecologically irreplaceable zone within India. Of the total 56 cases analyzed, 37 (66%)
reported a positive impact of local management on forest conservation while only six
arrived at a negative conclusion (Casse & Milhøj, 2011).
In conclusion, there have been multiple studies focused on using GIS and remote
sensing technology to determine the impact of local-level community initiatives on forest
health and extent in India and throughout the world. A small sample of these studies has
been provided in the previous paragraphs. In recent decades, the benefits of GIS for
environmental problem-solving, particularly with regards to policy development, have
become apparent (Goodchild, 1993). This study seeks to continue the trend of using GIS
technology to benefit policy implementation in a previously under-represented region of
India: the Western Ghats.
15

III.

A.

BACKGROUND

Study Area
A.1.

India

India, the seventh largest country by area, contains 17% of the world’s population
and boasts 3 of the 34 biodiversity hotspots in the world including the Himalayas, IndoBurma, and the Western Ghats.

Defined by Conservation International, a hotspot

contains at least 1,500 species of endemic plants and has lost at least 70% of its original
habitat (Conservation International, 2013). India is also located in one of the 12 megabiodiversity regions of the world with approximately 47,000 species of plants—about
12% of the world’s recorded flora—and 90,000 animal species (MoEF, 2007b).
India is primarily a tropical country but due to sharp altitudinal variations almost
all climate conditions exist in the country (MoEF, 2007a). Indian forests vary greatly
depending on rainfall, topography, and soil conditions with forest associations ranging
from tropical rainforest to dry thorn and mountain-temperate forests (Gadgil & MeherHomji, 1986).
With a growth rate of nearly 18% over the last decade, the average population
density of India as a whole continues to increase and reached 382 persons per km2 as of
2011 (Census of India, 2011a). India also boasts the world’s fourth largest economy
based on an estimated GDP of U.S. $1.9 trillion as of 2011 (The World Bank, 2013).
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Politically, India is a federal institution governed by a central government at the national
level and state governments in 29 states and 7 Union Territories (MoEF, 2007a).

A.2.

Western Ghats

The Western Ghats of India stretch 1,600 km along the western edge of India with
an elevation range from 300-2,700 meters (Das et al., 2006) from 8ºN to 21ºN latitude
covering approximately 160,000 km2 (Nagendra & Gadgil, 1998).

With more than

1,500 endemic plant species yet having lost more than 70% of its original habitat, the
Ghats qualify as one of the 34 biodiversity hotspots in the world (Conservation
International, 2013).

A.2.a.

Distinctive Climate

The unique topography of the Western Ghats (hereafter simply defined as Ghats)
steers atmospheric circulation in such a way as to yield distinctive rainfall patterns across
the Ghats; for example, on the direct back slope of the Ghats annual precipitation totals
can drop from 6,000 to 600 mm in an 80 km distance (Gunnell, 1997). The Ghats are the
separation point between a coastal region with a regular, stable rainfall pattern and a
continental region with extreme, irregular rainfall patterns. The mountains rise between
900 and 1,500 m above sea level, thus intercepting monsoon winds from the southwest
and creating a rain shadow on the leeward side of the Ghats (Menon & Bawa, 1997).
The varied climate and distinctive topography create a wide range of habitats that
support unique sets of endemic plant species. There are generally two rainfall maxima in
the Ghats in May and October that have a strong hold on human activity. The May
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showers are short and sporadic, ideal for mango and coffee trees; however, the more
abundant October showers are essential for sorghum crops (Gunnell, 1997). In general,
the agricultural sector near the Ghats is dependent upon these climatic trends.

A.2.b.

Ecological History

Historically, the Western Ghats came under first human influence over 12,000
years ago with major ecological changes ensuing with the onset of extensive cultivation
and pastoralism (Chandran, 1997).
agriculture

intensification,

extreme

Since then, the Ghats have witnessed further
population

growth,

land

degradation

and

deforestation. However, forest conservation and management can be seen as far back as
the pre-colonial days. During this time, forest conservation went hand in hand with
utilization; hunting and gathering were subject to several community regulations
(Chandran, 1997).
The British occupation during the early 19th century set the tone for forestry
operations at that time with the first policy statement announced in 1894 (Joshi et al.,
2011). Early British plans for the evergreen forests of the Ghats aimed at the removal of
commercial deciduous timbers as the primary function of the forests (MoEF, 2007a). At
higher altitudes, large-scale forest exploitation and vegetation transformation into
commercial coffee, tea, wattle, and eucalyptus plantations were taking place. As primary
forests were cleared, local inhabitants developed numerous conservation tools in a
decentralized manner thus assuring sustainability; however, the process of forest
commoditization from the early 19th century disturbed the balance between local
communities and nature and thus created several environmental consequences namely
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encroachment and over-exploitation of forest resources (Chandran, 1997). For the next
150 years the primary use of forest resources was for timber harvesting, during which
time agriculture continued to gain precedence over forestry (Gadgil and Guha, 1995).
This example specifically illustrates the dichotomy between local and state/federal
impacts. A change in appraoch did not occur until the National Forest Policy of 1952
which laid stress on increasing forest cover for sustainability purposes rather than
economic ones (Joshi et al., 2011).

This marks a distinct transition in the Ghats

ecological history which will be further discussed in Section C of this chapter.

A.3.

Areas of Interest

The five Indian states chosen that intersect some portion of the Ghats include
Maharashtra, Gujarat, Karnataka, Kerala, and Tamil Nadu.

Each state represents a

diverse range of topography, climate, and land cover throughout the Western Ghats as I
will show in the upcoming sections of this chapter. Within these states, seven districts
(one in Maharashtra, Gujarat, Karnataka, and Tamil Nadu, and three in Kerala) were
chosen for a more detailed, medium-resolution analysis (Figure 3.1).
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Figure 3.1 Seven Districts of Interest.
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A.3.a.

Karnataka

Karnataka, one of the southern peninsular states, has a geographical area of
191,791 km2 constituting 5.83% of the total area of the country (FSI, 2011). The state is
divided into two physiographic regions: (i) the Maland or hilly region within the Western
Ghats and the Maidan or the plain region comprising the inland plateau (FSI, 2011); this
research focuses on a district within the Maidan region. With regards to climatic trends,
average summer and winter temperatures vary from 26ºC to 35ºC and 14ºC to 25ºC,
respectively. The annual rainfall in the state varies from 2,000 mm – 3,200 mm in the
Western Ghats or Maidan region and between 400 mm and 500 mm in the northern and
northeaster parts (FSI, 2011). As of the 2011 census, the population of the state was
61.13 million, constituting 5.05% of the country’s population.

Of this, the rural

population is 61.43% and the urban is 38.57% with a total population density of 319
persons per km2 (FSI, 2011).

A.3.b.

Maharashtra

Maharashtra, to the south of Gujarat, lies in the western part of India with a long
coast along the Arabian Sea and an area of 307,713 km2 which accounts for 9.36% of the
country’s geographical area (FSI, 2011). Geographically, the state can be divided into
three distinct regions: the Deccan Plateau, Western Ghats, and Coastal Plains. As a
whole, the state has a tropical monsoon climate, the mean annual temperature ranges
from 25ºC to 27.5 ºC and average annual rainfall ranges between 1,600 and 2,000 mm
(FSI, 2011). According to the most recent 2011 census, the total population of the state is
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112.37 million which constitutes 9.29% of the country’s population. Of this, rural and
urban populations are 54.77% and 45.23%, respectively, with a population density of 366
persons per km2 (FSI, 2011).

A.3.c.

Kerala

Further south, the state of Kerala is situated in the southwestern-most part of the
country along the Arabian Sea with a geographical area of 38,863 km2 constituting 1.2%
of the country’s geographical area (FSI, 2011). The state can be divided into coastal,
midland, and highland zones.

Situated in the humid tropical belt, the state is

characterized by high rainfall land humidity. The rainfall varies from 1,520 mm to 4,075
mm, and the temperature ranges from 19.8ºC to 36.7 ºC (FSI, 2011). According to the
2011 census, the population of the state is 33.39 million or 2.76% of the country’s
population with rural and urban accounting for 52.28% and 47.72%, respectively, and a
population density of 859 persons per km2 (FSI, 2011).

A.3.d.

Tamil Nadu

Tamil Nadu is located in the southernmost part of the country, directly east of
Kerala.

It has an area of 130,058 km2 which constitutes 3.96% of the country’s

geographical area (FSI, 2011). The state can be divided into four major regions namely,
Coastal Plain, Eastern Ghats, Central Plateau, and Higher Elevation Mountains (FSI,
2011).

Climatically, the southwest monsoon feeds the plateau and the retreating
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northeast monsoon brings rain to the east coast. Temperatures range from a low of 2ºC in
the hills to a high of 45ºC in other lower elevations with an average rainfall from 925 mm
to 1,170 mm (FSI, 2011). According to the 2011 census, the population of the states is
72.14 million which constitutes 5.96% of the country’s population. Rural and urban
populations constitute 51.55% and 48.45%, respectively, with a population density of 555
persons per km2 (FSI, 2011).

A.3.e.

Gujarat

Gujarat is situated on the western coast of India, just north of Maharashtra. The
geographical area of the state is 196,022 km2 which constitutes 5.96% of the country’s
geographical area (FSI, 2011). The state can be divided into three distinct regions: (i) the
peninsula, traditionally known as Saurashtra which is a mountainous tract scattered with
low hills, (ii) Kuchchh on the barren northwest side, and (iii) the mainland, extending
from the Rann of Kuchchh and the Aravalli hills to the river Damanganga (FSI, 2011).
The general climate of the state is moderate with mean temperature ranging from 25ºC to
27.5ºC and the average annual rainfall ranging from 800 to 1,000 mm (FSI, 2011). The
total population of the state is 60.38 million as of the 2011 census which constitutes
4.99% of the country’s population. Proportion of rural and urban population is 57.42%
and 42.58% respectively. The population density is 308 persons per km2 (FSI, 2011).
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A.4.

Summary

The Western Ghats of India boast a unique climate, biodiversity, and topography
throughout India as well as the Ghats. Understanding the general information concerning
India, the Ghats, and the smaller regions of interest is beneficial for future analyses and
this discussion.

B.

Land Cover
India is one of the few tropical countries where deforestation rates have been

reduced and controlled and forest cover nearly stabilized.

Causal factors include

“legislations, forest conservation and afforestation programmes, and community
awareness and participation” (Ravindranath et al., 2008, p. 219).
The Forest Survey of India (FSI) has been periodically estimating the forest cover
in India since 1987 using GIS and remote sensing techniques. The forest cover reported
for 1987 was 64 million hectares (mha) and according to the 2011 assessment the forest
cover was 69 mha. This indicates an increase in forest cover of 5.12 mha (51,200 km2)
over a period of 24 years (FSI, 2011).

B.1.

Districts of Interest
B.1.a.

Dharwad, Karnataka

According to the most recent 2011 Forest Survey of India (FSI), the recorded
forest area of the state of Karnataka is 38,284 km2 which is 20% of its geographical area.
Karnataka has five National Parks and 21 Wildlife Sanctuaries covering an area of 2,472
km2 and 3,879 km2, respectively. Thus, 3% of the state’s geographical area is under a
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protected area network (FSI, 2011). Dharwad, the district of interest within Karnataka
has a total geographical area of 4,260 km2 with 385 km2 of forest cover or 9% of the
district’s total area in the most recent 2011 FSI; further, 2011 forest type groups can be
divided into seven subsets: 24% tropical dry deciduous, 24% tropical moist deciduous,
17% tropical wet evergreen, 14% tropical semi-evergreen, 12% tropical thorn, 8%
plantation/TOF, and 1% subtropical broad leaved hill forests (FSI, 2011).

B.1.b.

Dhule, Maharashtra

The 2011 FSI reports a forest area for state of Maharashtra of 61,939 km 2 which
is 20% of the geographical area. Maharashtra has six National Parks and 35 Wildlife
Sanctuaries covering an area of 15,526 km2 which constitutes 5% of the state’s
geographical area (FSI, 2011). Dhule, the district of interest within Maharashtra (7,189
km2) recorded 321 km2 of forest cover or 4% of the geographical area in the most recent
FSI. Forest type groups can be divided as thus: 57% tropical dry deciduous, 30% tropical
moist deciduous, 8% tropical semi-evergreen, 2% plantation/TOF, 2% sub-tropical
broadleaved hill, 1% tropical thorn, and <1% littoral and swamp forests (FSI, 2011)

B.1.c.

Dindigul, Tamil Nadu

The most recent FSI reports the recorded forest area within the state of Tamil
Nadu is 22,877 km2 which constitutes 18% of the state’s total area. Tamil Nadu has five
National Parks and 21 Wildlife Sanctuaries and one Conservation Reserve spread over an
area of 2,830 km2 which comprises 3% of the geographical area (FSI, 2011). The district
of greatest scrutiny, Dindigul (5,580 km2), recorded 1,489 km2 of forest cover or 27% of
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the total geographical area in the 2011 FSI. The 10 forest type groups include: 47%
tropical dry deciduous, 21% plantation/TOF, 13% tropical thorn, 8% tropical moist
deciduous, 4% tropical semi-evergreen, 3% tropical wet evergreen, 2% tropical dry
evergreen, 1% montane wet temperate, 1% subtropical broadleaved hill, and <1% littoral
and swamp forests (FSI, 2011).

B.1.d.

The Dangs, Gujarat

According to the 2011 FSI, the recorded forest area of Gujarat is 18,927 km2 or
10% of the geographical area. The state also has four National Parks and 23 Wildlife
Sanctuaries covering an area of 480 km2 and 16,620 km2, respectively. Thus, 9% of total
area of the state is under a protected area network (FSI, 2011). The Dangs district in
Gujarat (total 1,762 km2 geographical area) recorded 1,368 km2 or 78% of their total area
as forest in the 2011 forest survey assessment. 2011 forest type groups include: 53%
tropical dry deciduous, 19% tropical thorn, 13% tropical moist deciduous, 8%
plantations/trees outside of forests, and 7% littoral and swamp (FSI, 2011).

B.1.e.

Idukki, Kannur, and Pattanamtitta, Kerala

Over the past 50 years in Kerala, a clear shift away from food crops (mainly rice
and cassava) in favor of tree crops such as rubber and coconut is discernible (Kumar,
2005). A study by the National Remote Sensing Agency for the period from 1972 to
1982 confirmed an annual deforestation rate of 1.4% of the total forest cover in Kerala
(Kumar, 2005). George and Chattopadhyay (2001) highlighted four distinct phases of
deforestation in Kerala: (1) extensive conversion of forestlands to plantations following a
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Royal Proclamation in the late 19th century, (2) the “grow more food” campaign of the
mid- 1940s when substantial areas of forests were opened up for the cultivation of food
crops, (3) colonization during deforested areas, and (4) infrastructure development of the
post-independence era during which projects in power, irrigation and transportation
sectors were set up on forestlands. Shifting cultivation was also widespread in several
parts of Kerala during and after the late 19th century. From 1961 to 2001, the per capita
forestland availability in the state declined from 0.060 to 0.034 ha (Kumar, 2005). From
1980 onwards, statistics show that the effective forest cover under public management in
Kerala stabilized at ~940,000 ha (Kumar, 2005).
The socio-economy of the area is primarily based on forest resources and
traditional forest culture. Subsistence income from collection and sale of non-timber
forest products (NTFPs) and medicinal herbs serves as the backbone of the area’s
economy (Aravindakshan, 2011).
As of 2011, the recorded forest area of Kerala was 11,265 km2 which constitutes
29% of the state’s geographical area. Kerala has six National Parks and 15 Wildlife
Sanctuaries covering a total area of 2,379 km2 which constitutes 6% of the state’s total
area (FSI, 2011). The 8 forest type groups break down as follows: 38% Plantation/TOF,
23% tropical wet evergreen, 20% tropical semi-evergreen, 16% tropical moist deciduous,
2% tropical dry deciduous, <1% montane wet temperate, <1% littoral and swamp, and
<1% tropical thorn forests (FSI, 2011). Idukki, one of the three districts of interest,
covers a total area of 5,019 km2 with 3,930 km2 recorded forest area or 78% of the total
geographical area according to the most recent FSI. 2005 landslides in Idukki and a
nearby district have been linked to forest destruction and general LULC changes (Kumar,
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2005). Kannur, another district of interest, has a total area of 2,966 km2 with 22% of this
classified as forest. Pattanamtitta, the last district of interest within Kerala, boasts 1,755
km2 of forest cover, or 66% of the total 2,642 km2 area (FSI, 2011).
Recently, the cultivation of coconut, rubber, arecanut and banana plantations has
increased spectacularly (106%, 627%, 41%, 96% respectively between 1995 and 2000).
Agricultural expansion coupled with over-exploitation of forests has greatly affected the
state’s forest ecosystems (Kumar, 2005).

B.2.

Summary

The land cover in the Ghats is known for its unique characteristics and species;
unfortunately, many of these distinctive features are subject to contamination,
degradation, or destruction. Understanding biological limits is crucial for formulating
environmental policies to protect these shrinking, matchless species.

C.

Environmental Policy
In India today there is a general consensus concerning environmental policy that

reflects three foundational objectives. Each of these relates to understanding the benefit,
necessity, and sensitivity of the forests in which nearly 350 million people in India live in
or around (Bahuguna, 2002).
First, that human beings should be able to enjoy a
decent quality of life; second, that humanity should
become capable of respecting the finiteness of the
biosphere; and third, that neither the aspiration for
the good life, nor the recognition of biophysical
limits should preclude the search for greater justice
in the world. (MoEF, 2006 p. 2)
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In order for these three objectives to occur a balance between economic, social, and
environmental needs is necessary for the country.

C.1.

History

Environmental policy has undergone a wide array of changes since pre-colonial
times (Figure 3.2). Before the advent of colonial rule in India there was no unified
formal forest policy.

Various princely states had different approaches towards the

forestry resources available within their regions (Joshi et al., 2011). After falling under
British rule, India was the first country in the empire to adopt a forest policy (Hobley,
1992). However, the British period created large-scale conflicts between administrators
and local people, and marked the beginning of the breakdown of a symbiotic relationship
between many communities and the forests in which they occupied (Shah, 1996).
Although the 1894 National Forest Policy laid stress on the satisfaction of the needs of
the local people over profits, obtaining maximum revenue was still the guiding factor.
The general perception remains that the 1894 Forest Policy aimed at state monopolies
over forest resources with timber harvesting as the prime motive followed by agriculture,
with no precedence given to forestry or ecological preservation (Gadgil and Guha, 1995).
Nearly 60 years later, with the primary objective of stabilizing the natural
environment of India, The National Forest Policy of India in 1952 gave precedence for on
having at least 33% of the national land area under forest cover (Joshi et al., 2011).
However, from 1947 to 1987 the Indian government tried to redefine social-utility and
social-welfare functions, but the emphasis of forest management regimes continued to be
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on commercial timber exploitation at the exclusion of local peoples (Kant and Cooke,
1999). In 1980, India passed the Forest Conservation Act, establishing the primacy of
environmental and social service functions for forests, while placing clear restrictions on
commercial logging—unlike the Forest Policy of 1952.

At the same time, forest

protection initiatives by local communities emerged across India in response to growing
scarcities of forest products and threats of exploitation by external groups
(Aravindakshan, 2011). By the mid-1980s, both government and environmental circles
began to admit the failure of the Forest Policy of 1952, an exclusion-based forest policy
that ultimately generated conflict between local people and forest managers. As a result,
the second National Forest Policy was announced in 2003. Key aspects include: (1)
calling for stopping timber supply to forest industry at a concession-price, (2) recognizing
the rights and concessions of the communities living within and around forest areas,
specifically the tribal people, and (3) suggesting that the holders of customary rights and
concessions in forest areas should be motivated to identify themselves with the protection
and development of forests from which they derive benefits; hence, this policy reintroduced

the

concept

of

community-based

forest

management

institutions

(Aravindakshan, 2011).
In 1990,

India’s circular on Joint Forest Management created space for

community participation and the establishment of VFI’s in the management of forest
resources of the country; an increasing focus on people-centered policies, bottom-up
planning processes, and decentralized governance are some of the key characteristics of
this new paradigm (Aravindakshan, 2011). With respect to new policies implemented to

30

conserve forest resources, acts which did not take into concern local people’s requirement
of forest resources were subsequently and repeatedly amended (Rabha, 2012).
From pre- to post-colonial rule India’s environmental legislation went through
multiple challenges and evolutions.

Centralized governmental control over natural

forests is a recent phenomenon of the past two centuries (Poffenberger & McGean,
1996). State authority over forest resources increased with the establishment of British
control in India in the mid-nineteenth century. More recently, national and state-level
policies show greater support for the rights and needs of local communities vis-a-vis
forest resources. Just as with pre-colonial times the focus is shifting to the necessity of
local people for forest management and policy enforcement.

C.2.

Key National Policies

Across India’s political spectrum there has been recognition of the vital role
natural resources play in providing livelihoods and obtaining ecological services (MoEF,
2006). The Law with respect to the management of forests and biodiversity is contained
in 4 primary legislations: the Indian Forest Act, 1927; the Forest Conservation Act, 1980;
the Wildlife Protection Act, 1972; and the Biodiversity Act, 2002 (MoEF, 2006). Key
principles that focus on decentralization and local awareness are the National
Environment Policy and Forest Rights Act of 2006.
The dominant theme of the National Environment Policy of 2006 is that while
conservation of environmental resources is necessary to secure livelihoods, the most
secure foundation for preservation is to ensure that people dependent on particular
resources obtain better livelihoods from conservation rather than the degradation of said
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resource (MoEF, 2006). Decentralization, or the yielding or transfer of power from a
central government to state or local authorities, is also a key principle of the policy. The
premise is the empowerment of those that have the advantage of understanding or
viewing environmental issues at a regional level. The 2006 National Environment Policy
basically provides guidelines or suggestions for state and local institutions to create their
own conservation strategies or action plans.
On a smaller scale, the Forest Rights Act of 2006 strengthened the institutional
framework of village forest institutions by reestablishing traditional rights of forests
residents (WWF, 2008). The Act grants the “rights to hold and live in the forest land
under the individual or common occupation for habitation or for self-cultivation for
livelihood by a member or members of the forest dwelling [Scheduled Tribe] or other
traditional forest dwellers” (Ramnath, 2008), where a Scheduled Tribe refers to
indigenous peoples whose status is formally acknowledged by the national government
granting them legislative equality. It also suggests a gradual shift from forest dependent
ways of life that could reduce forest resources such as timber extraction, medicinal
plants, animal grazing, forest-based agriculture, or NTFPs. However, it recognizes these
forest inhabitants as the primary actors in carrying out programs related to improving
forest sustainability (Rabha, 2012).
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2006 National
Environment Policy

1980 Forest Conservation Act
1894 NFP

1990 JFM

1952 NFP

1927 Indian Forest Act

1972 Wildlife
Protection Act

1988 NFP

2003 NFP

2002 Biodiversity Act
2006 Forests Rights
Act

Figure 3.2 Forest Management Legislation Timeline. Timeline of relevant forest management
legislations in India. NFP represents National Forest Policies.

C.3.

Joint Forest Management

India is one of the few countries in the world where an approach based on
community-state partnerships has been implemented on a larger scale.

This was

accomplished primarily through Joint Forest Management (JFM), which is often
considered the most important step taken since independence for improving the
management and governance of forests in India (Aravindakshan, 2011). The major thrust
for the JFM program came from the realization by the State Forest Departments that
degradation of natural resources cannot be reversed without active involvement of the
local communities (MoEF, 2007a). The guidelines issued by the MoEF in 1990 provided
the basic framework for the program. Specifically, the guidelines gave precedence to the
“involvement of local communities in protection, afforestation, development of degraded
areas and sharing of benefits with the communities” (MoEF, 2007a). The guidelines also
emphasized the role of NGOs in encouraging and organizing the village communities.
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C.3.a.

Evolution and Spread of JFM

Continuous degradation of forests has long been a source of concern for policy
makers in India and has eventually led to policies encouraging participatory forest
management (Sudha & Ravindranath, 2004); these are initiatives that actively involve
local people in a forestry activity as well as state and/or national government entities. As
such, policies have been laid down to relieve the pressure on existing forests including
the 1952 Forest Policy, the 1980 Forest Conservation Act, the 1988 Forest Policy, and
finally the 1990 order of JFM (Sudha & Ravindranath, 2004).
The Forest Policy of 1988 set the stage for state-community partnerships in forest
management. Two years later, the movement had gained momentum and thus the JFM
program was formally institutionalized. The first JFM circular issued by the national
government directly provided a framework and methodology for state governments in
connecting village communities in forest management (Sudha & Ravindranath, 2004).
Since then, the GOI has periodically issued orders and guidelines concerning JFM
including the 2000 Guidelines which sought to strengthen community participation and
the 2002 Guidelines which focused on inter-relationships between local communities and
state officials.

Today there are currently 274,134 JFMCs managing approximately

672,000 km2 of forest area involving nearly 4 million people (MoEF, 2013a). Since
JFMs creation in 1991, nearly 30% of India’s forests are being protected through statecommunity partnerships.

34

C.3.b.

Economics

The initial JFM program imagined that once the JFMCs were integrated into the
resource management practices that they would become self-sustaining and no longer
rely on government support; however, the program is still largely viewed as a
government program with the expectation of continuous monetary provision (MoEF,
2006). The development of economic activity mechanisms such as alternate livelihood
opportunities, value addition to NTFPs and market linkages are necessary for JFMCs to
transition into a self-sustaining group. Many JFMCs do so by developing a ‘Village
Development Fund’ used specifically for meeting the conservation and development
needs of the forests. The JFM Guidelines of 2000 suggest sharing no less than 25% of
benefits in the respective Village Development Fund (Sudha & Ravindranath, 2004).
However, the majority of states share 50% of NTFP profits with the Village Development
Fund thus improving the JFMCs opportunities for creating or enhancing forest
management practices.
External funding through international agencies such as World Bank, Japan
International Cooperation Agency, and French Development Agency has been an
important source of funding to the forestry sector in India since the early 1980s (Sudha &
Ravindranath, 2004). As of 2004, there were 21 externally-funded projects totaling Rs
48,818 million or nearly 900 million U.S. dollars in 13 states (Sudha & Ravindranath,
2004) including Maharashtra, Tamil Nadu, Karnataka, Gujarat, and Kerala.
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C.3.c.

Impact

The success of JFM can be seen in several ways. First of all, since its creation in
1990 all Indian states have adopted the concept and further issued state specific
strategies. Many states have also revised their strategies so as to meet the developing
needs and challenges of the program, such as social inequality for women and the poor.
As of January 2007, there were 106,479 JFMCs involving nearly 23 million people
managing 220,200 km2 of forest area (MoEF, 2007a). Also, from 2000-2006 the number
of JFMCs increased by 295% and the forest area under their management doubled from
100,000 to 220,200 km2 (MoEF, 2007a). Today, there are 274,134 JFMCs involving
over 38 million people managing 672,000 km2 of forest area (MoEF, 2013a) or twice as
much as 2007.
The basic idea in JFM of co-management, a hybrid administration combining
centralized and decentralized state and community bodies, has the potential to prosper
where both state and local communities alone have failed (Singleton, 2000). Local
knowledge concerning ecosystems can be combined with scientific information produced
by state agency scientists to yield a more complete set of information and results upon
which to base management decisions. Also, “monitoring and enforcement can be more
effective by virtue of being local, while oversight by state regulators interjects some
measure of accountability” (Singleton, 2000, p. 3).

C.4.

Community Action

Throughout India the degradation of natural forests for agriculture, timber,
pasture, and urbanization has had the greatest impact on the millions of people living in
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local communities surrounding the forests.

Attempts to intensify centralized

governmental control over forests have unfortunately led to more conflicts among users
rather than conservation (Poffenberger & McGean, 1996).
Finally, in the late 1980s and early 1990s, small village groups began rallying to
protect and reclaim the forests in which they live. Since then, thousands of villages
across India have asserted their authority over forest tracts often with little state or
outside assistance (Poffenberger & McGean, 1996). With the help of JFM, however,
beneficial relationships between rural communities and the state forest departments have
been formed.

C.5.

Regional Analysis
C.5.a.

Karnataka

The concept of local inhabitants’ participation in forest management in Karnataka
is not a new concept. There are 23 self-initiated Forest Protection Committees protecting
nearly 665 ha over a 100 year period (Rao et al., 2002). In Karnataka, JFM is referred to
as Joint Forest Planning and Management (JFPM) passed in April of 1993 (Rao et al.,
2002). The basic objective of JFPM is to decrease forest damage caused by biotic
interference such as grazing or timber extraction and to revive forest resources through
active involvement of local community members in conservation, protection, planning,
regeneration, development, and management of degraded forests (Sudha et al., 2004).
With respect to VFCs, as of 2002 there were 2,332 VFCs with 77,285 ha under
protection.

Of this, 1,658 VFCs are supported under an externally funded Forest

Development Program, accounting for 71% of the VFCs in the state (Rao et al., 2002).
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The two main externally funded programs include the Western Ghats Forestry Project
(WGFP) and the Forestry and Environmental Project for Eastern Plains (FEPEP) (Sudha
et al., 2004). With regards to NTFP profits, 10% is shared with the state government and
90% to the VFCs of which 50% goes directly into the Village Forest Development Fund
for future land management projects (Sudha & Ravindranath, 2004).

C.5.b.

Tamil Nadu

JFM in Tamil Nadu was initiated in 1997 as part of the Tamil Nadu Afforestation
Project (Matta & Kerr, 2007) funded by the Overseas Economic Cooperation Fund of
Japan. Initially, JFM was implemented with the primary goal of afforestation or planting
trees on areas previously classified as non-forested. As such, JFM focused primarily on
degraded forests throughout Tamil Nadu. Unfortunately, by focusing only on degraded
areas and closing forest areas for afforestation, the surrounding villages not under JFM
were also impacted. In an interview with a local forester by Matta and Kerr (2007), it
was noted that in several cases the cattle from JFM villages moved to nearby non-JFM
regions, leading to enhanced degradation of these forests and thus conflicts between the
concerned villages. Moreover, provisions of non-forest benefits to JFM villages created a
demand for the program in other villages seeking provisions. “Denial of the program to
these villages, either for [lack of] funds, or for the village not falling under that year’s
target, or for that village not having degraded forests around it, brought in deep
antagonism between the Forest Department and the villages that were excluded from
JFM” (Matta & Kerr). As such, these nearby non-JFM villages had no incentive to cease
encroachment on the forests under JFM.
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C.5.c.

Kerala

JFM was introduced in Kerala in 1998 as Participatory Forest Management
(PFM) under World Bank aid (Masuda et al., 2005). JFMCs, known as Village Forest
Councils (VFC) or Vana Samrakshana Samithis (VSS) in the local official language, are
responsible for the “management and protection of forests, harvesting of forest produce,
prevention of grazing, fire, theft or damage, reporting of forest offences to the state forest
department, assisting forest officials in distribution of returns from forestry operations,
maintaining and operating a village account, and undertaking development activities
using financial resources generated from forestry activities” (Aravindakshan, 2011 p. 59).
The VSS in Kerala function under the 34 FDA of the state. Each village forms a
VSS bearing the same name as the village. As of 2009, there were 405 VSSs in Kerala
(Aravindakshan, 2011). Several success stories have been reported including the Periyar
Tiger Reserve where the local institutions merged ecotourism, wildlife conservation, and
forest protection for rural development (Aravindakshan, 2011). However, in spite of
increasing social harmony within the VSS, the communal unity between the villages has
declined in recent history due to boundary conflicts arising over demarcation of VSS land
(Aravindakshan, 2011). Also, pre-existing tribal societies are exercising their rights over
NTFPs, further degrading land and causing conflicts (MoEF, 2006).
The utilization of NTFP profits are split between the credibility fund (25%) which
keeps the VSS intact, the VSS members (50%), and future NTFP management and forest
protection (50%) (Sudha & Ravindranath, 2004).
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C.5.d.

Gujarat

Gujarat was one of the first Indian states to implement JFM on March 13, 1991,
by creating its own policy involving village communities living close to forest lands and
enlisting cooperation from the Gujarat Forest Department and NGOs for protection,
management, and development of forests (Mudrakartha et al., 2004). As of 2002, there
were a total of 1,336 JFMCs protecting 1,815 km2 of forest (Mudrakartha et al., 2004).
Initially the benefit-sharing ratio of JFM was dependent upon investors.

In

general if the state forest department invested money in forestry activities then the final
produce was split 80%-20% with the majority going to the forest department and the
lesser to the community. Conversely, if the JFMC/NGO invested money, they received
80% while the state received 20%. Today the sharing ratio is split 50-50 regardless of the
investor; however, the JFMCs are entitled to 100% of the NTFPs harvested (Mudrakartha
et al., 2004). In India about 20% of total plant species yield NTFPs (Murthy et al., 2005).
NTFPs are crucial for local communities for household income, medicinal and food
products, roofing and household materials, and much more (Murthy et al., 2005).
Villages interested in implementing JFM are required to form VLOs comprising
at least 60% of the village households (Mudrakratha et al., 2004). The Forest Department
does not have any representation in the committee but acts as a guiding agency. The
VLOs major responsibilities consist of the protection and management of the forests
under JFM. Some examples of VLO management practices include seasonal or complete
bans on grazing, fuel wood collection management, and the hiring of forest watchmen, all
of which have been successful in improving forest conditions in Gujarat. In return the
village inhabitants are entitled to collect fallen branches and NTFPs according to the
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Forest Department agreement; further, large timber harvested is shared 50-50 between the
state and community (Mudrakratha et al., 2004).
About 10 years after JFM was established in Gujarat, almost all VLOs had
switched to a watchmen method for forest protection rather than the initial roster system.
This shows the local community’s realization of the importance of forest protection and
management (Mudrakratha et al., 2004). In a 2004 survey conducted by Mudrakratha et
al., out of the 206 JFMCs surveyed in Gujarat only two (less than 1%) reported no
obvious change in tree population due to JFM procedures; however, all JFMCs reported
increased availability of fuel wood, NTFPs, fodder, and poles.
The Forest Department provides funds to several JFMCs for selective forestry
activities, though others rely on NGOs to mobilize funds from foreign donors. If no
funding scheme is in place, the only source of income for the JFMCs is the membership
fee collected from all members which is generally no more than a few thousand rupees
(Mudrakratha et al., 2004).

C.5.e.

Maharashtra

As of 2003, Maharashtra had 5,322 JFMCs managing 14,112 km2 of forest
including over 75% of its open forest defined as forest cover with canopy density of 1040%. Further, Maharashtra has the second highest state population covered under JFM
next only to Chattisgarh as well as the fourth highest forest area under JFM (Sudha &
Ravindranath, 2004). For these reasons, Maharashtra is one of the most prominent states
supporting JFM initiatives.
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In a study conducted by Ghate and Nagendra (2005), three frequent forest
management approaches were analyzed in three similar villages: community-initiated,
NGO-promoted, and state-sponsored JFM. There results indicated community-initiated
local enforcement as the most effective case of forest management with better
regeneration and little evidence of grazing and fire.

The NGO-promoted forest

management community showed greater importance in protecting forest resources from
outsiders; however, the misuse of forest products by community members was neglected.
Lastly, in the state-initiated JFM village showed inefficient monitoring with accounts of
uncontrolled grazing and fire leading to heavy damage of forests (Ghate & Nagendra,
2005). The failure of the JFM village is likely due to the split in community opinion
regarding the need for forest protection. It took 2 years for a local resident to convince
the community to agree to formation of JFM in the community (Ghate & Nagendra,
2005). This case study is a perfect example of the need for community consensus and
cohesion.

The most successful forest management approach involved a unanimous

community-wide decision to prevent forest infringement and degradation.

C.6.

Summary

The goal of this chapter was to provide a broad understanding of the general
features, land cover, and policies in India, the Western Ghats, and the states and districts
of particular interest. This is necessary in order to determine linkages between changes
in land cover and policy in the region.
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IV.

A.

METHODOLOGY

Importance of GIS
GIS has been used for several decades as a decision support tool that leverages

spatial reference data to identify and solve environmental problems (Menon and Bawa,
1997). Similarly, remote sensing tools that obtain land cover information remotely have
been used in India for an array of applications including agricultural yield estimation,
flood damage assessment, drought warning, LULC mapping, forest resources, urban
development, marine resource management, and many more (Menon and Bawa, 1997).
Satellite remote sensing facilitates large scale assessments of the above mentioned
applications. In this project, satellite data is vital both spatially and temporally. With
GIS and remote sensing techniques, 10 years of satellite data covering the 160,000 km2
area of the Western Ghats could be quickly and efficiently analyzed.

B.

Satellite Data Sets
For this project three satellite datasets were utilized: MODIS, Landsat, and

ASTER. MODIS data from 2001-2011 were used for a large scale analysis covering the
entire Ghats. MODIS results provided both spatial and temporal changes in land cover
types across the Ghats. Results from MODIS were used to narrow the study area to six
districts in the Ghats that represented spatial and/or temporal anomalies. These districts
were then analyzed using Landsat and ASTER multispectral data. Biennial data from
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2001-2011 was analyzed to further inspect the anomalies determined by the MODIS
results.

B.1.

MODIS

The MODIS land cover product is designed to support investigations that require
information related to the current state and seasonal-to-decadal scale dynamics in global
land cover properties (Friedl et al., 2010).

The MODIS land cover type product

(MCD12Q1) includes five layers in which land cover is mapped using different
classification systems. For this study Layer 1 was used, which is based on the 17-class
IGBP land cover classification (Loveland & Belward, 1997).
The MCD12Q1 product is generated on a calendar year basis. “For each calendar
year, algorithm inputs include 12 sets of 32-day average NBAR, LST and EVI data. In
addition, annual metrics (minimum, maximum and mean values) for the EVI, LST and
NBAR bands are also included as inputs, providing a total of 135 features” (Friedl et al.,
2010 p. 171).

Within this thesis NBAR, LST, and EVI represent nadir BRDF

(bidirectional reflectance distribution function)-adjusted reflectance, land surface
temperature, and enhanced vegetation index products, respectively.

Depending on

location and time of year, MODIS input data can include substantial levels of missing
data arising from cloud coverage (Friedl et al., 2010). This is often the case in the Ghats.
If a substantial amount of input features are missing (i.e. cloud covered), the reliability of
the classification results degrades. To be conservative, if a pixel is missing more than 84
features, the pixel is not classified; instead, it is filled using the most recent land cover
product data.
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In 2010, Friedl et al. conducted a detailed analysis of MODIS land cover product
accuracy. After several analyses including sample bias correction, spatially explicit prior
probabilities, special class cases, and stabilization of results across years, they calculated
an overall accuracy across all classes of 74.8% with an error variance of 1.3%, yielding a
95% confidence interval of 72.3 – 77.4%.

Some classes showed greater accuracy

including the five forest classes (IGBP classes 1-5) and agriculture while others exhibited
lower accuracies including shrublands, savannas, and grasslands.

B.2.

ASTER

ASTER is a medium-resolution, multispectral imager with a variety of data
products (Abrams, 1999). Level 3 registered radiance at the sensor – orthorectified
(AST14OTH) data were obtained for this analysis. ASTER orthorectified image products
possess near-vertical (at nadir) views from all locations, terrain-correction, and
radiometrically calibrated radiance. The ASTER data inputs include an ASTER Level1A reconstructed unprocessed data set, georeferencing information from the instruments
and platform ephemeris and attitude data, and an ASTER-derived DEM. The output
product includes 15 orthrectified ASTER Level-1B calibrated radiance images (USGS,
2011). AST14OTH products contain three VNIR bands as well as a backward looking
band for stereo observations, six SWIR bands, and five TIR bands (Table 4.1) with each
scene covering an area of approximately 60 x 60 km. As of April 2008, the ASTER
SWIR detectors no longer function; therefore, this study focuses solely on the 15 m
resolution VNIR region of the spectrum, specifically bands 3N, 2, and 1 which are
similar to bands 4, 3, and 2 in Landsat ETM+ scenes.
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Table 4.1 ASTER Spectral Information

Spectrum
VNIR

SWIR

TIR

B.3.

Band Number
1
2
3N
3B
4
5
6
7
8
9
10
11
12
13
14

Spectral Range (µm)
0.52 – 0.60
0.63 – 0.69
0.78 – 0.86
0.78 – 0.86
1.600 – 1.700
2.145 – 2.185
2.185 – 2.225
2.235 – 2.285
2.295 – 2.365
2.360 – 2.430
8.125 – 8.475
8.475 – 8.825
8.925 – 9.275
10.25 – 10.95
10.95 – 11.65

Resolution (m)
15

30

90

Landsat 7 ETM+

The Landsat series of satellites provides the longest running continuous data set of
high-spatial resolution imagery dating back to the launch of Landsat 1 in 1972 (Thome,
2001) and continuing with the most recent February 2013 launch of Landsat 8.
Specifically, the Landsat 7 satellite was launched April 15, 1999 with the Enhanced
Thematic Mapper Plus (ETM+) sensor and is still used today; however, due to an error in
the scan line corrector in 2003, imagery from late March 2003 to present-day are missing
approximately 22 percent of the normal scene area (Storey et al., 2005).
Each ETM+ scene is approximately 183 km wide by 170 km long with an IFOV
of 30 x 30 meters in bands 1-5 and 7, the primary bands used for this analysis. Also
available are two thermal bands (60 meter resolution) and one panchromatic band (15
meter resolution) (Table 4.2).
46

Table 4.2 Landsat 7 ETM+ Spectral Information

Band Number
1
2
3
4
5
6
7
8

C.

Wavelength (µm)
0.45 – 0.515
0.525 – 0.605
0.63 – 0.69
0.75 – 0.90
1.55 – 1.75
10.4 – 12.5
2.09 – 2.35
0.52 – 0.9

Resolution (m)
30
30
30
30
30
60
30
15

Pre-processing
Before analyzing the satellite data, several pre-processing steps were completed

for each data set. Pre-processing is vital to ensure the highest possible data accuracy has
been obtained. If the data are not properly prepared for analysis, results would be
imprecise and potentially misleading.
C.1.

MODIS

The MODIS Land Cover Type product (MCD12Q1) was used for a large scale
analysis covering all districts that intersect the Ghats region. MCD12Q1 imagery from
2001 and 2011 were used to analyze the change in land cover type (particularly forest
cover and agriculture) during this ten year period. Results from this analysis were used to
select a subset of districts of interest which were representative of the transitions
occurring in each state of interest.
MCD12Q1 data were accessed through the USGS data portal, EarthExplorer. For
each year from 2001-2011, five scenes were downloaded with horizontal MODIS tiles
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ranging from 24-25 and vertical tiles from 6-8. This is a total of 55 original MCD12Q1
images for 10 years of analysis. Each raster file provides an IGBP class value (0-16) for
each pixel.
All data pre-processing and analysis was conducted through Esri’s ArcGIS 10.1
software package. Once the five .hdf files for each year were imported into ArcGIS, they
were first projected from the standard MODIS custom spheroid sinusoidal projection into
the Asia North Lambert Conformal Conic projection which was most accurate for the
Ghats region. Next, the five files for each year were mosaicked into a single raster
covering the full extent of the Western Ghats. After the mosaic, the new single raster
images for each year were clipped to the extent of the 58 districts of analysis within the
Ghats.
In order to begin processing the images, they were first converted from raster
format to polygon and dissolved based on the 58 districts within the Ghats. With both a
raster and polygon file, a classification with training features could be executed—the
polygon file serving as the training features for the raster file. With 10 classification
images, the next step was to determine the changes in land cover from year to year. The
‘calculate thematic change’ tool takes two classification images of the same area from
different times and identifies the class differences between them. The resulting image
shows class transitions, for example, Class 1 to Class 5 would represent evergreen
needleleaf forest to mixed forest. A ‘tabulate area’ script was then used to determine the
total area of land cover within each calculated transition. Figure 4.1 shows a simplified
version of the full MODIS processing methodology. Finally, in order to obtain a general
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understanding of classes and class transitions, several classes were combined into a single
class after the thematic change was determined (Table 4.3).

1

•Import .hdf files to ArcGIS

2

•Project to Asia North Lambert Conformal Conic

3

•Mosaic to new raster

4

•Clip mosaic to extent of 58 districts within Western Ghats

5

•Raster to polygon
•Dissolve polygon features based on districts

6

•Classify with training
•Dissolved polygon used as training feature

7

•Thematic change

8

•Tabulate area

Figure 4.1 MODIS Methodology
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Table 4.3 MCD12Q1 Class Values. MCD12Q1 class values before and after merging used to
obtain a general understanding of land cover variability throughout the Western Ghats

Class Number
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

C.2.
ASTER

IGBP Class Name
Water
Evergreen Needleleaf Forest
Evergreen Broadleaf Forest
Deciduous Needleleaf Forest
Deciduous Broadleaf Forest
Mixed Forest
Closed Shrublands
Open Shrublands
Woody Savannas
Savannas
Grasslands
Permanent Wetlands
Croplands
Urban and Built-Up
Cropland/Natural Vegetation Mosaic
Snow and Ice
Barren or Sparsely Vegetated

Merged Class Value
Water

Forest

Shrublands
Savannas
Grasslands
Permanent Wetlands
Croplands
Urban and Built-Up
Croplands
Snow and Ice
Barren or Sparsely Vegetated

ASTER
AST14OTH

data

were

acquired

through

NASA’s

EOSDIS

Reverb/ECHO data tool. Twenty eight scenes were acquired; however, due to high cloud
cover and unfavorable time of year (April – December) only 6 images from late
2009/early 2010 were used during post-processing.
The greatest potential for data misrepresentation lies with atmospheric effects on
surface reflection. “During its passage through the atmosphere electromagnetic radiation
from the sun interacts with particulate matter suspended in the atmosphere and with the
molecules of the constituent gases”, described as either scattering/deflection or
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absorption (Mather, 1987). Both scattering and absorption limit the effectiveness of
portions of the electromagnetic (EM) spectrum for remote sensing purposes.
“Atmospheric correction provides estimates of the radiation emitted and reflected
at the surface and it is necessary for observing parameters that are intrinsic to the surface”
(Thome et al., 1998). ENVI’s Quick Atmospheric Corection (QUAC) module was used
to account for atmospheric conditions and variability in the analysis of ASTER data.
QUAC accounts for visible near infrared (VNIR) through shortwave infrared (SWIR)
bands during atmospheric correction of either multi- or hyperspectral satellite imagery.
QUAC performs a more approximate atmospheric correction than ENVI’s Fast Line-ofsight Atmospheric Analysis of Spectral Hypercubes (FLAASH) module, generally
producing reflectance values within +/- 15% of physics-based approaches (ESRI, 2009).
QUAC outputs an image containing retrieved surface reflectance using a scale factor or
10,000.
Once all scenes were atmospherically corrected, a scale factor of 10,000 was
applied using Model Builder in ESRI’s ArcGIS software. AST14OTH VNIR bands 1, 2,
and 3N were descaled by a factor of 10,000 to represent surface reflectance values
between 0 and 1. After this, ASTER imagery was ready for processing and analysis.

C.3.

Landsat 7 ETM+

Landsat ETM+ data were also visually evaluated and downloaded via NASA’s
EOSDIS Reverb/ECHO data tool. A total of 64 ETM+ scenes from 2001, 2003, 2005,
2007, 2009, and 2011 during the optimum timeframe of January-March in each year were
acquired. This time frame was chosen for multiple reasons. First, cloud cover is limited
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during this season so the chances of obtaining cloud-free data were much higher. Also,
this is the transition phase between the wet and dry seasons in the Ghats (Figure 4.2).
Harvest has already occurred so discriminating between tree cover and agriculture is of
less concern. In 2000, Jha et al. found this time frame to be optimum for analyzing
deforestation extent.
Before analyzing the ETM+ data, several pre-processing methods were used to
account for atmospheric conditions which can account for up to 80% of the reflectance
signal.

Exelis’s ENVI FLAASH module was used to most accurately account for

atmospheric effects such as the amount of water vapor, distribution of aerosols, and scene
visibility.

FLAASH is a first-principles atmospheric correction tool that corrects

wavelengths in the visible through near-infrared and shortwave infrared regions (ESRI,
2009).

Unlike other atmospheric correction programs that incorporate radiation

properties from a pre-determined database of modeling results, FLAASH incorporates the
MODTRAN4 radiation transfer code.
Before running the FLAASH module, each ETM+ scene was first calibrated using
the Landsat Calibration Tool in ENVI. Each image is converted from a DN value to
radiance as required for FLAASH input. Next, each radiometrically calibrated radiance
image was converted from BSQ to BIL in ENVI.
Each scene could then be used as input into the FLAASH module.

The

parameters for FLAASH are much more specific than other atmospheric correction
modules such as the QUAC module which only requires the image. The parameters for
FLAASH include choosing a radiance scale factor, selecting an input radiance image,
setting output file locations, entering scene information including scene center location,

52

sensor type, sensor altitude, ground elevation, pixel size, flight date, and flight time,
selecting an atmosphere and aerosol model, and lastly setting options for the atmosphere
correction model. The settings for each Landsat scene can be seen in Table 4.4. All
districts used the same atmospheric model, aerosol model, and aerosol retrieval method:
tropical, rural, and K-T, respectively.

Table 4.4 FLAASH Inputs. District of analysis, Landsat path/row combination,
scene center latitude and longitude, and average ground elevation used for varying
ETM+ scenes

District
Dangs
Dhule
Dharwad

Dindigul
Idukki
Pattanamtitta

Kannur

Path Row
147
46
147
45
147
46
145
49
145
50
146
49
146
50
143
53
144
53
143
54
144
53
143
54
144
53
144
54
145
52

Scene Center
20.230, 74.243
21.672, 74.580
20.230, 74.243
15.901, 76.347
14.457, 76.025
15.901, 74.802
14.457, 74.480
10.123, 78.165
10.123, 76.620
8.677, 77.852
10.123, 76.620
8.677, 77.852
10.123, 76.620
8.677, 76.307
11.568, 75.389

Ground Elevation (km)
0.2
0.2
0.7

0.3
0.7
0.02

0.03

FLAASH requires input images to be calibrated into radiance in units of
[µW/(cm2*sr*µm)]. The Landsat calibration tool outputs data with radiance units of
[W/(m2*sr*µm)] which has a factor of ten difference in units; therefore, the scale factor
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for all scenes in FLAASH is ten. Later, the change from µW to W is also accounted for
in ArcGIS 10.1.
A MODTRAN tropical atmospheric model was best suited for this region because
it is between -10 and 10ºN latitude as well as having a high yearly average temperature
(27ºC) and average water vapor content (4.11 g/cm2) based on the MODTRAN model
atmospheres. A MODTRAN rural aerosol model was chosen and represents aerosols in
areas not strongly affected by urban or industrial sources; the particle sizes are a blend of
two distributions, one large and one small. An urban model would only be suitable for
high-density urban/industrial areas. None of the ETM+ scenes were strictly high-density
urban regions although urban regions were present in all scenes. Lastly, a 2-D K-T
aerosol retrieval method was chosen. The K-T method is used for retrieving aerosol
amount and estimating the average scene visibility using a dark pixel reflectance ration
(Kaufman et al., 1997). The dark-land pixel-retrieval method requires the presence of
channels around .66 µm and 2.1 µm, ETM+ bands 3 (red) and 7 (shortwave infrared),
respectively. Lastly, an estimated initial visibility value of 30 km (moderate haze) was
used for all scenes; however, these values were more accurately represented once the K-T
retrieval method was utilized.
Once all scenes were atmospherically corrected, the initial unit change from µW
to W was accounted for using the Model Builder in ESRI’s ArcGIS 10.1 software. A
total of six bands (1-5, 7) were descaled by a factor of 10,000 within Model Builder.
First, each band was given its own raster layer. Next, the raster calculator tool was used
to descale each band by 10,000. Lastly, the bands were again composited into a single
raster file (Figure 4.3).

54

Figure 4.2 ETM+ Imagery Descale Workflow. Steps consist of ‘make raster layer’, raster
calculator (band FLAASH output value/10,000), and composite bands

Once all of the images were atmospherically corrected and descaled to accurate
reflectance values, images from 2005-2011 were gap-filled using the USGS’s ‘gapfill
tool’ within ENVI. The tool offers either a global or local linear histogram match. The
global histogram match performs well over scenes with similar terrain; however, it
creates visible errors in scenes with transient objects such as clouds or varying land cover
types (Scaramuzza et al., 2004). For greater precision, the corrective gains and biases are
calculated around each pixel in a scene rather than the entire fill scene. This is the basis
for the local linear histogram match.
Each image that requires gap-filling can be filled with either an SLC-on image
(pre-May 2003) or with multiple SLC-off (post-May 2003) imagery of the same path and
row location during the same year and relative time period. Filling the gaps with SLC-on
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imagery is referred to as Phase I while the latter is Phase II methodology. In a study by
Storey et al. (2005), they found the local histogram matching method used in Phase I
provided the best overall performance over the Phase II methodology. Each of the three
test scenes observed in the study had the greatest success using the local histogram
matching; however, similar to the other gap-fill methods, scenes with clouds had greater
errors.
For each post-2003 scene, a local linear histogram matching algorithm was used
to fill in the gaps; further, they were all filled with SLC-on 2003 scenes, similar to the
most representative gap fill methodology found by Storey et al. (2005).
After all post-2003 images were gap-filled, there were multiple districts that
required two or more Landsat scenes for full coverage. Scenes from these districts
required mosaicking to a single image before further processing could begin.

All

mosaicked output scenes used 32-bit float pixel type in order to output six decimal places
of accuracy within the reflectance values, a maximum operator to account for no data
value overlap, and match colormap mode to take all scene colormaps into consideration.
For several scenes, a small amount of pixels had reflectance values greater than 0
and/or less than 1. These can be attributed to atmospheric correction error values. When
running FLAASH, these outlier values are not uncommon. If there are extremely low or
high radiance values (i.e. shadow or cloud pixels, respectively) FLAASH may not be able
to accurately model the reflectance values; in these cases, the resulting outlier pixels are
unreliable and need to be excluded. Of the scenes that presented outlier values, none had
pixel outliers accounting for more than 0.1% of the total scene.

Using the ‘raster

calculator’ tool in ArcGIS 10.1, all outlier values within each band were set to null using
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the “SetNull” conditional statement. Once the outlier values were removed, ETM+ preprocessing was complete and processing could begin.

C.4.

Summary

Pre-processing for the Landsat and ASTER multispectral data was quite different.
Namely, ASTER utilized the QUAC module while Landsat used the FLAASH module
for atmospheric correction. The FLAASH module requires significant prior knowledge
concerning an image and certain inputs were unknown for the ASTER imagery. Landsat
imagery comes with an extensive metadata file so all inputs could be determined for
FLAASH. For ASTER, QUAC was optimal for this reason as well as a computational
speed with relatively high accuracy. A summary of Landsat and ASTER data for each
year can be seen in Table 4.5.
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D.

Vegetation Indices
Vegetation indices measure the “greenness” or health of vegetation (Xiuwan,

2002) by providing an accurate radiometric measure of the spatial and progressive
patterns of vegetation activity (Huete et al., 1997). In this study, four vegetation indices
were compared to determine the most appropriate for analyzing the change in forest
extent and health over a ten year span. Normalized Difference Vegetation Index (NDVI),
Enhance Vegetation Index (EVI), Moisture Stress Index (MSI), and Simple Ratio (SR)
each provide a unique aspect of vegetative properties which will be discussed in the
upcoming section.

D.1.

Normalized Difference Vegetation Index (NDVI)

NDVI has been the most widely used index in global vegetation studies (Huete et
al., 1997). It has been used to describe relationships between vegetation characteristics
such as leaf area, chlorophyll content, and green biomass (Purevdorj et al., 1998). The
NDVI formula requires two bands and is expressed in (4.1) as:

(4.1)

where ρnir and ρred represent the NIR and red reflectance values, respectively. For
this study, NDVI was the primary index used for inferring vegetation structure and
function dynamics as was demonstrated by Prasad et al. (2007). NDVI values range from
-1 to 1 where lower values represent low chlorophyll content or greenness while higher
values represent healthier, lush vegetation.
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D.2.

Enhanced Vegetation Index (EVI)

NDVI is ideal for measuring vegetation greenness; however, it is sensitive to
optical soil and atmospheric properties (Purevdorj et al., 1998). The EVI is an updated
NDVI that minimizes the influences of atmospheric effects as well as the attenuating
influences of background soil properties, thus remaining effective in regions of high
biomass and chlorophyll content (Brando et al., 2010). EVI is also commonly referred to
as the soil and atmosphere resistant vegetation index and is shown in (4.2):

(4.2)

where ρblue represents the blue reflectance. Similar to NDVI, EVI values can
range from -1 to 1; however, EVI values tend to be lower than NDVI.

D.3.

Moisture Stress Index (MSI)

MSI has commonly been used for detection of forest decline and
defoliation in both deciduous and coniferous forests (Vogelmann, 1990). MSI is thought
to measure several properties of vegetation including biomass, damage, and water content
(Eklundh et al., 2003). MSI is a simple ratio between two bands as shown in (4.3):

(4.3)

where ρswir represents the SWIR band reflectance. Values generally range from 0
to more than 3 where smaller values represent less moisture stress.
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D.4.

Simple Ratio (SR)
The SR is one of the oldest vegetation indicators used in studies (Jordan,

1969). Although it is a poor predictor of leaf area and biomass, it provides information
concerning photosynthetic activity (Sellers, 1985). Like MSI, the SR is a ratio between
two bands expressed in (4.4) as:
(4.4)

SR values can range from 0 to more than 30 where larger values represent greater
photosynthetic activity and commonly forest cover.

D.5.

Index Calculations

All Landsat index calculations were run in ArcGIS’s ModelBuilder. Since there
were only 6 ASTER scenes and only 2 indices could be determined, these were
calculated separately. Each index formula was written into a raster calculation that used
appropriate bands as inputs (Figure 4.4). This resulted in four new files (one for each
index calculation).
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Figure 4.3 Index Model Calculation. ‘P’ values denote model parameters or user defined inputs.
Raster Calculator tools contain index formulas with the correct Landsat bands connecting to each
formula. B1, B3, B4, and B5 denote Landsat 7 bands ρblue, ρred, ρnir, and ρswir, respectively.

Output SR and MSI values from every scene generally contained anomalous
values. Statistically, outliers can result in skewed results; therefore, any output value not
within the typical SR and MSI range (0-30 and 0-3, respectively) were reclassified as
‘NoData’ pixel values. In all cases, no more than 0.1% of data was removed with an
average of 0.0165%. The main cause for these outlier values is error in the atmospheric
correction process. Areas with intense shadow or glare result in extremely high or low
reflectance values, leading to outlier index values.
The results from the index model spatially cover the entire district being analyzed.
In order to determine if there was a correlation between MODIS MCD12Q1 forested
classes and index values, the index results were spatially constrained to the extent of the
62

estimated forest cover from the MODIS data for the corresponding year. As previously
stated, the MODIS land cover product accuracy decreases from an average of 78.1%
when classifying forests to 34.3% when classifying woody savanna (Friedl et al., 2010).
Therefore, in order to account for any potential forested area, the woody savanna class
was merged with all forest classes, thus overestimated forest cover. All other class values
were set to ‘NoData’ so the resulting MODIS image represented forest class estimation
plus woody savanna. An example of the resulting MODIS forest class can be seen in
Figure 4.5. Next, zonal statistics were used to determine the mean and standard deviation
index values at two spatial extents: 1) the total area and 2) within the MODIS forest class
coverage in the district.
Finding the average index values was helpful in determining total vegetation
health; however, it tells little specifically about tree coverage. To focus explicitly on tree
cover a threshold constraint was applied to each index. These thresholds represent the
general range of an index value trees exhibit in this particular region (Table 4.6).

Table 4.6 Vegetation Index Threshold Values. Vegetation index threshold values
used to specifically analyze tree cover in each district.

Vegetation Index
NDVI
EVI
MSI
SR

Threshold Range
0.42 – 1.0
0.2 – 1.0
0.2 – 1.0
2–8
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Reference
Prasad et al., 2007
Huete et al., 1997; Brando et al., 2010
Hunt Jr. & Rock, 1989
Sellers, 1985

Figure 4.4 MODIS Composite and NDVI Layer. Example of a 2003 MODIS forest
and woody savanna composite in the Dangs district of Gujarat. MODIS forest
estimate is overlaid on an NDVI image from the same year.
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In 2007, Prasad et al. conducted a study to determine the spatial patterns of
vegetation metrics throughout eight different forest patches in India covering different
climatic and topographical gradients, including a tropical evergreen forest patch
specifically located in the Ghats region. Over an 11 year time period, the minimum
average NDVI value found was 0.42 for tropical dry deciduous forests. This forest type
is present in all five states of interest: Gujarat, Karnataka, Tamil Nadu, Kerala, and
Maharashtra. As such, 0.42 was used as a minimum threshold to limit the focus to forests
ranging from tropical dry deciduous to tropical wet evergreen present in all but one state
of interest with an average NDVI found by Prasad et al. of 0.70.
In 1997, Huete et al. conducted a global study to compare vegetation indices
using Landsat 5 Thematic Mapper data. Although the study did not specifically focus on
India, tropical climate regions as well as both coniferous and deciduous forests were
referenced. They found an EVI range from 0.3-0.9 in forested regions. However,
Brando et al. (2010) conducted a similar vegetation index study across the Amazon Basin
and found average EVI values from 2000-2008 ranging from 0.2 to more than 0.6. Since
the Amazon has a similar tropical climate to the Western Ghats, a range of 0.2 – 1.0 was
chosen for this study.
Hunt Jr. & Rock (1989) detected changes in leaf water content using near- and
middle-infrared reflectances. The MSI is simply a ratio of mid- and near-infrared bands.
They analyzed several species including soybean, spruce, American sweetgum, evergreen
oak, and Agave deserti. Depending on relative water content, MSI values for the tree
species ranged from 0.2 – 1.0.
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Lastly, Sellers (1985) used the simple ratio to determine canopy reflectance
properties.

Typical forest SR values range from 2-8 with respect to corresponding

vegetation index values within the 0.42 – 1.0 threshold.
Once the threshold constraint was applied for each index in ArcGIS 10.1, mean
and standard deviation values were similarly obtained focusing on 1) the total area
covered by the threshold image and 2) the overlap area between the threshold image and
the MODIS forested area image.

E.

Summary

As previously stated, four indices were initially analyzed to determine changes in
forest health and extent. After examining the results for each index related to threshold
values in all districts of interest, NDVI was chosen as the most appropriate index for
determining changes in forest properties. As noted in the literature review, NDVI is the
most commonly used vegetation index for analyzing land cover properties. Further,
results from Prasad et al. (2007) provide the most relevant threshold value with respect to
both forest type and location within India. For a detailed explanation of the benefit of
NDVI compared to other vegetation indices, refer to Chapter II: Literature Review.
In summary, data from 3 satellite imagers (MODIS, Landsat ETM+, and ASTER)
were obtained to analyze the extent and health of tree cover in the Ghats (MODIS) and
the districts of interest (ETM+ and ASTER). Given these results, spatial and temporal
changes in vegetation extent are visible with the use of an appropriate NDVI threshold.
The following chapter relates these changes in tree cover to corresponding changes in
environmental policy and forest management practices.
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V.

A.

FINDINGS

MODIS

The ultimate goal of the MODIS analysis was to narrow down the study area to a
select few areas of interest. These areas are intended to represent a change in forest
cover; further, particular interest was placed on bordering states in order to analyze
variances in both local and state legislations. Changes in cropland were also analyzed
because, generally, when deforestation occurs in India it is due to agricultural or urban
expansion. The Ghats rely heavily on agriculture; therefore, only changes in agriculture
and forest cover were of particular interest for the MODIS analysis.
In order to obtain land cover trends over the ten year study period, two MODIS
composites were analyzed, one from 2001 the other 2011. As previously stated, changes
in forest cover and croplands were of particular interest. Figure 5.1 shows the amount of
land forest and cropland account for in 2001 and 2011 in each district with respect to the
total area within that district. From the image, a strong north to south increase in forest
cover is apparent as well as a west to east increase in cropland throughout the Western
Ghats. Since the southern portion of the Ghats receives substantially more precipitation
than other regions, it is not surprising that this region represents the area of greatest forest
cover; further, the general economy of regions on the eastern slope of the Ghats relies
heavily on agricultural practices.
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Figure 5.1 MODIS Forest and Cropland Estimate. Forest and cropland values in 2001 and
2011 as a percent of the total area (%TA) within each district. Red areas constitute the
smallest percent of the total area covered by each specified class while yellow is the median
and green is the most. For example, the left image represents the amount of forest cover in
each class as a percent of the total area within each respective district.
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After determining the land area each class represented in each district I
determined the change in area for each class from 2001 to 2011 as represented in (5.1):

(5.1)

where A01 and A11 represent 2001 and 2011 class areas, respectively, and D is the total
area of the district.
Once the change in each class from 2001 to 2011 in each district is illustrated, a
strong dichotomy can be seen, particularly along the border of Tamil Nadu and Kerala
(Figure 5.2). Table 5.1 represents the results for each district of interest chosen. Dhule,
in Maharashtra, nearly doubled the amount of forest from 2001 to 2011 according to
MODIS results. The bordering districts to the north and west show similar changes;
however, directly south of Dhule, the opposite can be seen in the Nashik district.
Nashik’s forest cover decreased 58% during the same time period.
Another notable feature in Figure 5.1 is the Dangs district within Gujarat.
Compared to all surrounding districts, the Dangs has more forest cover and less
agricultural land with respect to total district area. The district of Dharwad in the state of
Karnataka represents the only district in the central Western Ghats region under further
analysis. In 10 years, Dharwad nearly doubled area under forest cover while only slightly
increasing cropland by 4.23%.

Further south, Kannur in the state of Kerala, the

northernmost district of interest in Kerala, shows a strong contrast with Kodagu,
Karnataka, directly to the east. While Kannur lost nearly 50% of its forest cover, Kodagu

69

increased by over 33%. Similarly, Kodagu decreased in cropland by nearly 44% while
Kannur increased substantially by 82%.
The remaining districts within Kerala of greatest interest are Idukki and
Pattanamtitta. Idukki showed a slight decrease in both forest and cropland while directly
to the south, Pattanamtitta tripled in cropland and cut forest cover by over 40%.
Analyzing policy at the district level may shed light on this contrast.

70

Figure 5.2 MODIS Change in Forest and Cropland Estimate.
Change from 2001 to 2011 in forest cover and cropland. Values
represent the change with respect to the total area within each
district. For example, a value of -30% represents a 30% decrease
in the respective land cover from 2001 to 2011.
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Table 5.1 MODIS Preliminary Results. Results from MODIS
preliminary analysis for 7 districts of interest from 2001-2011 (refer
to Figure 5.2 for location of districts of interest).

1
2
3
4
5
6
7

B.

District
Dhule
The Dangs
Dharwad
Kannur
Idukki
Pattanamtitta
Dindigul

Forest % Change
90.00
11.67
97.87
-47.27
-6.76
-41.85
64.25

Crop % Change
1.27
1.75
4.23
82.04
-6.68
315.57
-6.30

Landsat and ASTER
B.1.

Dhule in the state of Maharashtra

The MODIS results indicated a 90% increase in forest cover in Dhule. Results
from the Landsat and ASTER data analysis support this figure. From 2001 to 2011,
average NDVI over the entire district increased by 20.85%; increases in NDVI are
indicative of an increase in forest health or greenness. Figure 5.3 shows the spatial
distribution of changes in NDVI from 2001 to 2011. From this figure a general trend of
increasing vegetation health in north central Dhule near the Tapi River and a decrease in
southwestern Dhule near the bordering Dangs district of Gujarat can be seen. Figure 5.4
shows the breakdown of NDVI for the four areas presented in the methodology: total
district area (Total Area), area intersected by MODIS forest class estimate (Forested
Area), threshold total area (Threshold: Total Area), and threshold area intersected by
MODIS estimate (Threshold: Forested Area). The linear trend is also presented in Figure
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5.4 with the coordinating color of each class. Table 5.2 provides the statistical values
calculated for NDVI each year. An interesting aspect that supports the MODIS results is
the area of land represented by the threshold values for NDVI. For example, the amount
of land within the forest threshold range of 0.42-1.0 steadily increases from 583 km2 in
2001 to 2,633 km2 in 2011, over a 350% increase.

Figure 5.3 Dhule Change in NDVI. Change in NDVI in Dhule from 2001 to 2011. Green areas
represent increases in vegetation health or greenness while red areas represent decreases.
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Figure 5.4 Dhule Change in NDVI: Graphical. Change in NDVI in Dhule for four different areas:
Total Area (total area of Dhule district), Forested Area (estimated forest cover from MODIS
results), Threshold: Total Area (NDVI values within the threshold range of 0.42-1.0 within the
total area of the district), and Threshold: Forested Area (NDVI values within the threshold range
within the estimated forest cover from MODIS results).
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B.2.

The Dangs, Gujarat
MODIS results estimated a small increase in both forest and cropland of 12% and

2%, respectively. Vegetation index results show an even greater trend. Average NDVI
increased by 58% from 2001 and 2011. Figure 5.5 shows the spatial distribution of the
change in NDVI from 2001 to 2011 in the Dangs. In general most of the Dangs sees a
positive change in NDVI. Figure 5.6 shows the trend in NDVI values from 2001 to 2011.
One notable point is the similarity between total area and MODIS forest cover extent
index estimates. In general, the total area (blue line) and forest area (red line) values
remain similar in all index measurements. The same is true for the threshold total area
(purple line) and threshold forest area (green line), showing little variation between
statistical results for the total area versus the MODIS forest cover.
The greatest variation in NDVI measurements occurs in 2009. This is probably
because the 2009 measurements used ASTER imagery rather than ETM+, due to lack of
cloud free ETM+ imagery that year. Referring back to Table 4.5, we see the 2009
ASTER imagery in the Dangs was acquired in late December 2009 and early January
2010. This was not during the ideal timeframe of January-March 2009. The dry season
in the Ghats does not fully kick in until the middle of February. Reflectance values from
other non-tree vegetation species can be mistaken for forest cover during the December
timeframe.
Table 5.3 outlines total statistical results for the Dangs from 2001-2011.
Similarly to Dhule, the total area covered by NDVI threshold values increases each year.
The only anomaly occurs in 2009 due to the imagery acquisition date in late December.
NDVI threshold area nearly quadruples from 2001 to 2011, from 271 km2 to 1,260 km2.
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Ultimately, forest cover health in the Dangs increased from 2001 to 2011. Using
the results from MODIS and the threshold extent previously mentioned, it also appears
the forest cover extent also increased during the same time.

Figure 5.5 Dangs Change in NDVI. Changes in NDVI from 2001 to 2001 in the Dangs district
of Gujarat.
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Figure 5.6 Dangs Change in NDVI: Graphical.
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B.3.

Dharwad, Karnataka

MODIS results show a nearly 100% increase in forest cover in Dharwad between 2001
and 2011.

Landsat results presented in Figure 5.7 show significant increases in NDVI

particularly in central and southern Dharwad; however, the northern region of Dharwad shows
decreases. One potential explanation is that this part of the district is subject to intensive
agricultural practices throughout the year.
Figure 5.8 shows the general trend in average index values for each of the four areas
analyzed. From 2001 to 2009 results show slight average decline in NDVI. The large variation
from 2009 to 2011 causes the linearization to shift to a more positive direction. Reasons for this
large jump in index values will be evaluated in the Errors and Uncertainties section later in the
chapter.
Table 5.4 provides the final measurements for each year including mean, standard
deviation, and area covered by threshold values. Focusing again on the substantial increase in
NDVI from 2009 to 2011, it is interesting to note the associated changes in standard deviation.
From 2009 to 2011, the average standard deviation of NDVI increases for all four areas.
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Figure 5.7 Dharwad Change in NDVI. Changes in NDVI values between 2001 and 2011 in
Dharwad, Karnataka.
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Figure 5.8 Dharwad Change in NDVI: Graphical.
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B.4.

Kannur, Kerala

MODIS results show a net decrease in forest cover for all three Kerala districts of
interest. Kannur, in particular, shows a decrease in forest cover of 47% and an increase in
cropland of 82%.

Analysis of Landsat and ASTER imagery show a decreasing trend in

vegetation health. Figure 5.9 spatially represents the difference between 2001 and 2011 index
values. Interestingly, the region showing the greatest decrease in health is along Kannur’s
eastern border next to the Kodagu district of Karnataka. MODIS results show an opposite trend
in Kodagu with increases in forest cover and decreases in cropland. The potential reasons for
this dichotomy will be discussed in Chapter VI: Discussion.
Figure 5.10 graphically represents the change in NDVI each year with a slight decreasing
linear trend. For this particular region there was little similarity between differences in average
index values for the total area versus the threshold area. Table 5.5 shows the slight variation
between these values. Also, the total area covered by the threshold with respect to the district
and MODIS forest class remains fairly static with only slight variations from year to year.
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Figure 5.9 Kannur Change in NDVI. Spatial representation of changes in NDVI from 2001 to
2011 in Kannur. Green values represent a positive change or increase in health while red areas
represent a decrease.
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Figure 5.10 Kannur Change in NDVI: Graphical.
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B.5.

Idukki, Kerala
As with other Kerala districts, MODIS results for the Idukki district show a slight

decrease in forest cover, near 7% from 2001 to 2011. Unlike previous examples, its
cropland also decreases slightly by around 7%. Landsat data analyses show a more
significant change in land cover. Figure 5.11 shows the amount of negative changes
(decreasing) in NDVI is far greater than positive (increasing) changes from 2001 to 2011.
However, the potential errors in comparing 2001 and 2011 results is greater than other
districts due to the presence of scattered cloud cover in the western portion of the district
in 2011. The presence of cloud cover will result in skewed NDVI values. In this case,
only 4.8% of the 2011 scene included cloud cover but errors will still be apparent. The
impact of cloud cover on results will be further discussed in the Errors and Uncertainties
section in Chapter VI.
Figure 5.12 shows the yearly variation in average NDVI values for each year.
NDVI has a sharp drop in 2007, potentially due to the late time frame of one of the
Landsat scenes from 2007 (March 29) or weather conditions at that time. If we omit the
2007 points, all index results remain fairly static with only slight a slight decrease in
NDVI. For example, the estimated forest threshold area decreases by 9.3% from 2001 to
2011. Table 5.6 provides the numeric results for the index analysis. There is little
variation in mean, standard deviation, and area for all index results.
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Figure 5.11 Idukki Change in NDVI. Spatial variations of changes in NDVI in Idukki from
2001 to 2011. Any area in red represents a decrease in vegetation health while green is an
increase.
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Figure 5.12 Idukki Change in NDVI: Graphical.
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B.6.

Pattanamtitta, Kerala

The last Kerala district of interest, Pattanamtitta, shows the greatest overall
change in the MODIS results with an estimated 42% decrease in forest cover and 315%
increase in cropland. Figure 5.13 shows the spatial distribution of differences between
2001 and 2009 index values. A change from 2001 to 2011 is not shown here because of
missing data in the 2011 imagery. Due to consistent cloud cover, 38% of data from 2011
is missing in Pattanamatitta. Although a spatial representation is not provided, statistical
results were still calculated and can be seen in Figure 5.14 and Table 5.7.
In Figure 5.13 a sharp disconnect between the northern and southern portion of
the district is noticeable. Due to the district’s location, multiple Landsat scenes were
mosaicked into a single image. For example, the 2001 imagery consisted of one image
acquired January 14 while the other was taken March 3; the border between these two
scenes can be seen in the dashed line in Figure 5.13. Fortunately, the 2009 images were
both taken on February 9. The primary cause for this sharp contrast, however, is due to
the larger variation in 2001 imagery of 48 days. This is also visible in Figure 5.13 are
errors caused during the gapfill methodology. This will be discussed in a later section.
Figure 5.14 shows the change in average NDVI for the four areas of interest. The
most prominent feature is the sudden drop in 2007 average NDVI. There was also a 2007
anomaly in the Idukki district just northeast of Pattanamtitta. Figure 5.15 graphically
represents the average monthly precipitation in the southern portion of the Western Ghats
(including Pattanamtitta and Idukki) in 2005, 2007, and 2009; a measurement before,
after, and during the anomaly year of 2007.

From these graphs it is notable that

December 2006 – March 2007 received the least amount of rainfall compared to the
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before and after analysis periods; this could be the primary cause of the decrease in
NDVI in the 2007 results.
Table 5.7 provides the statistical results for each year. Again there is little
variation in the amount of area covered by the forest cover index threshold values.
Notice, however, 2011 results are missing 38% of data in the district, accounting for the
smaller area in 2011.

Figure 5.13 Pattanamtitta Change in NDVI. Change in NDVI from 2001 to 2009 in
Pattanamtitta, Kerala. The black dashed line represents the border between the two mosaicked
image. Imagery from the upper section was acquired January 14 while the bottom section was
acquired March 3.
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Figure 5.14 Pattanamtitta Change in NDVI: Graphical.
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B.7.

Dindigul, Tamil Nadu

Dindigul, Tamil Nadu, is the final district of interest to be analyzed. According to
MODIS results, the difference between 2001 and 2011 forest cover and cropland is 64%
and -6%, respectively; however, Landsat results provide little validation to MODIS
estimates due to insufficient data availability. Figure 5.16 shows the spatial variation in
the change in NDVI covering the total district area from 2001 to 2011. Unfortunately,
2001 imagery contained 6.6% cloud cover. They can most easily be seen in Figure 5.15
as the dark green or 0.1853 – 1.8379 NDVI variation region. Also to be noted, imagery
from 2011 was missing the far western edge of data due to lack of cloud free data. The
extent of this missing data can be seen as the distinctive red stripe (an artifact of the
Landsat scene edge) down the western edge of the district covering 3.7% of the total
district area. This however, accounts for less area than the 6.6% covered by clouds,
leading to a total of 10.3% of the total area covered by clouds or missing data.
Figure 5.17 shows the variation in average NDVI from 2001 to 2011. Like Figure
5.16, there is no clear pattern in NDVI variation. Results are erratic unlike previous
results from the other six districts. Table 5.8 provides all statistical results for Dindigul
from 2001 to 2011. When focusing on the area represented by the NDVI forest cover
threshold range (0.42-1.0), again more irregular values are prominent.
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Figure 5.16 Dindigul Change in NDVI.
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Figure 5.17 Dindigul Change in NDVI: Graphical.
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B.8.

Results Summary
Several interesting trends were found in the Landsat and ASTER results. The

district of Dhule showed an increase in vegetation health from 2001-2011 as did the
Dangs district. However, the Dangs showed the least amount of change between total
area and MODIS forest area results. Dharwad showed an interesting spatial disparity
with a sharp contrast between increasing and decreasing vegetation health in the
northeastern portion of the district due to intensive agricultural practice. Kannur in the
state of Kerala also showed a notable spatial variation with a bordering district in the
state of Karnataka. Results from the remaining districts in Kerala were less conclusive of
positive or negative changes due to increased errors caused by clouds, imagery data, and
mosaicking (specific estimates will be discussed in the upcoming Errors and
Uncertainties section). Dindigul in the state of Tamil Nadu results also have increased
error and variability due to missing data and cloud cover.
The next step is to analyze the potential errors and discuss their effect on data
results. After that, a discussion concerning the potential correlation between GIS results
and environmental policies will be analyzed.

C.

Errors and Uncertainties
Accounting for errors and uncertainties in scientific results is crucial for an

accurate assessment of data, especially if the results could potentially be used for policy
implementation or environmental problem-solving. The following paragraphs discuss the
main sources of error or uncertainty in this study that, if not accounted for, are potentially
misleading or unrepresentative of actual land cover conditions.

101

Currently there is a serious deficit of quantitative information linking local
forestry initiatives to land cover change; unfortunately, it is difficult to link changes seen
remotely with policy because of the interaction of multiple vectors including
demographic, social, economic, legal, and policy changes (Gautam et al., 2002). While
this study has sufficient quantitative, remotely sensed information at both state and
regional scales, quantitative information concerning Village Forest Councils (VFCs) was
only available at the state level without a spatial component.

Further, qualitative

information concerning community perception and local management practices at the
individual VFC level was unavailable. Without sufficient qualitative and quantitative
information concerning local policy, a connection between remotely sensed results and
local initiatives cannot be made. It is important to recognize that remote sensing analyses
require “fieldwork to interpret human activities and incentives that relate to land cover
change, and to understand the underlying socioeconomic and institutional factors that
drive forest cover change in these regions” (Nagendra et al., 2005).
As previously stated, most of the satellite imagery for the district-level analysis
was acquired between the months of January and March during the ten year analysis
period; typical imagery dates range from January 7 – March 31 with two December and
April outliers for ASTER imagery. January – March represents the driest part of the year
for the Western Ghats region; therefore, changes in NDVI would be minimal during this
time compared to the rest of the year; however, infrequent precipitation events during this
time will still cause changes in vegetation index values, leading to potentially
misrepresentative results. In other words, late monsoon rainfall in January can result in
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increased vegetation health, picked up by NDVI, and an overestimation of forest health
and extent.
With respect to remotely sensed data, atmospheric interference has the greatest
potential to cause errors in data, potentially as much as 80%. The two atmospheric
correction modules utilized, Quick Atmospheric Correction (QUAC) and Fast Line-ofsight Atmospheric Analysis of Spectral Hypercubes (FLAASH), had varying accuracies.
The QUAC performs a more approximate atmospheric correction than ENVI’s FLAASH
module, generally producing reflectance values within +/- 15% of physics-based
approaches (ESRI, 2009). With respect to FLAASH, if there are extremely low or high
radiance values (i.e. shadow or cloud pixels, respectively) FLAASH may not be able to
accurately model the reflectance values; in these cases, the resulting outlier pixels are
unreliable and need to be excluded. Of the scenes that presented outlier values, none had
pixel outliers accounting for more than 0.1% of the total scene. The majority of imagery
(all Landsat scenes) utilized the FLAASH module. In a study by Kruse (2004), three
atmospheric correction modules were analyzed, including FLAASH. His results showed
absolute reflectances calculated from FLAASH were within 5% of the field spectral
measurements.

Taking into account FLAASH, QUAC, and outlier values, potential

atmospheric correction errors for this study range between 5-15%.
Due to a mechanical failure in the Landsat 7 ETM+ scan line corrector in May of
2003 approximately 22% of the normal scene area is missing in all post-2003 ETM+
imagery (Storey et al., 2005). Instead of beginning with a 22% error before analysis even
began, a gapfill methodology was used to fill the gaps in the data. To decrease error a
local histogram matching method was used, which was found to be the most accurate by
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Storey et al. (2005) in a comparative analysis. The study found post-gapfilled imagery
error values from 2-14% depending on topography, land type, and atmospheric condition.
This was incredibly successful in cloud-free regions. However, all gapfill methods have
problems in imagery with clouds, like several of the scenes from Dindigul, Pattanamtitta,
and Idukki. Fortunately, the maximum amount of clouds present in any scene was less
than 7%. Although errors will be more prominent in gapfilled scenes compared to pre2003 imagery without gaps, it still provided more accuracy to gapfill the scenes rather
than beginning with 22% missing data. Taking into account both atmospheric correction
and gapfill errors provides a minimum estimated error of 7% (assuming the FLAASH
module was utilized and a minimum error of 2% due to topography) and a maximum of
29% (assuming maximum QUAC and topography errors of 15% and 14%, respectively).
Mosaicking multiple scenes together also increased errors in NDVI results. This
can be due to the time of day images were taken as well as the time of year. Almost all
imagery was acquired during the desired timeframe (January – March); however,
mosaicking an image from early January with a late March image will show noticeable
differences in reflectance values. This phenomenon is most noticeable in imagery from
Pattanamtitta. In some years three Landsat scenes were required to cover the entire
district, with a maximum imagery date difference of 48 days between two scenes. The
more scenes used—especially if they are from different times of year or different times of
day—the greater the chance for reflectance variations and thus unreliable vegetation
index results.
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C.1.

Tree Cover Threshold Value Sensitivity Analysis

For this study, an NDVI tree cover threshold range of 0.42-1.0 was chosen as the
most appropriate range to represent all possible types of forest cover. As stated in
Chapter II, this threshold was based on the study by Prasad et al. (2007) which identified
NDVI value ranges for eight different forest types throughout India; however, a
sensitivity analysis is necessary to compare results from the chosen range of 0.42-1.0
with others including, 0.32-1.0, 0.52-1.0, and 0.62-1.0.
Table 5.9 shows the amount of land area represented by each respective threshold
range tested. As noted in Chapter II, the chosen range of 0.42-1.0 likely overestimates
the actual forest cover due to the use of AVHRR imagery by Prasad et al. rather than
Landsat data such as with this study. Given this, one would expect an NDVI tree cover
threshold range of 0.32-1.0 would also overestimate the amount of tree cover by over
counting other non-forest vegetation types, introducing an error of commission.

It

follows that the remaining two threshold ranges (0.52-1.0 and 0.62-1.0) would introduce
errors of omission. To test this and estimate errors of commission and omission, I
performed a validation analysis discussed in the following section.
From Table 5.9 it is apparent that increasing the threshold limit by increments of
0.1 greatly affects the amount of land represented within each range. For example, the
estimated forest cover decreases by a factor of 30 in the Dangs in 2001 between the
minimum and maximum ranges of >0.32 (918 km2) and >0.62 (30 km2), respectively.
Further, in Dharwad in 2001 the estimated forest cover decreases 46%, 48%, and 50%
from >0.32 to >0.42, >0.42 to >0.52, and >0.52 to >0.62, respectively. On the other
hand, in Kannur in 2001 the estimated forest cover decreases 5%, 10%, and 24% from
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>0.32 to >0.42, >0.42 to >0.52, and >0.52 to >0.62, respectively.

In the case of

Dharwad, the estimated forest cover decreases at the same rate for each threshold range;
conversely, in Kannur the estimated forest cover decreases more drastically as the
threshold range increases. This can be explained by the greater amount of forest cover
with a high average NDVI value in Kannur as compared to Dharwad. As noted in
Chapter III, the majority of Dharwad’s forest cover (24%) is classified as tropical dry
deciduous. In Kannur, however, the majority is tropical wet evergreen (23%). In other
words, as the threshold ranges get higher, so does the estimated amount of forest cover
within each specified range.
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C.2.

Validation Activities

A validation analysis was used in order to determine the accuracy of the NDVIbased forest versus non-forest classification for four different threshold values: >0.32,
>0.42, >0.52, and >0.62. This was accomplished through a visual interpretation of the
Landsat satellite imagery with only two classes of interest: forest and non-forest.
To begin, 30 random points were selected from each Landsat scene using the
‘Create Random Points’ tool within Esri’s ArcMap 10.1 software. As shown in Table
4.5, there are a total of 42 scenes representing the seven districts of interest from 20012011. In total, 1,260 random points were visually analyzed and compared with the
NDVI-based forest classification for each of the four threshold values analyzed. The
visual analysis consisted of two key factors: texture and color. For example, a random
point located in an area of both high texture and dark green color combination would be
classified as tree cover. On the other hand, a region with little texture and no green
pigment would be classified as no tree cover. Once the random points were classified,
these were compared to the results from each of the NDVI tree cover threshold
calculations. Table 5.10 represents the results for each district as well as the total area
with respect to each of the four threshold values. The values for each district represent
the mean, standard deviation, and variance calculations from the six scenes from 2001,
2003, 2005, 2007, 2009, and 2011; therefore, each value shown in the table are statistical
results from six original values. From the table a general pattern can be noted. Results
for each district are shown to account for the ecological diversity within each district of
interest. The standard deviation and variance tend to decrease from >0.32 to >0.62 NDVI
tree cover threshold values; additionally, the mean tends to increase. This shows both
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greater precision and accuracy as the threshold value increases, meaning a threshold of
>0.62 more accurately pinpoints the location of forest cover compared to the other
thresholds analyzed.
As stated in Chapter II, 0.42-1.0 was chosen as the preliminary NDVI tree cover
threshold range due to previous studies throughout India. In the future, however, it will
be useful to acquire ground-truthed spectral signatures and thus NDVI signatures within
each specific region of interest since the type of tree cover throughout the Ghats varies
substantially from one location to the next.
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Table 5.10 Validation Analysis Results. Values
presented are the mean, standard deviation (‘std
dev’) and variance of average accuracies from
2001-2011 within each district as well as the
average of all districts (‘TOTAL’).

Dangs
mean
std dev
variance
Dharwad
mean
std dev
variance
Dhule
mean
std dev
variance
Dindigul
mean
std dev
variance
Idukki
mean
std dev
variance
Kannur
mean
std dev
variance
Pattanamtitta
mean
std dev
variance
TOTAL
mean
std dev
variance

0.32

0.42

0.52

0.62

0.51
0.13
0.02

0.73
0.20
0.04

0.84
0.12
0.01

0.87
0.04
0.00

0.39
0.08
0.01

0.74
0.15
0.02

0.82
0.10
0.01

0.82
0.06
0.00

0.72
0.12
0.01

0.84
0.10
0.01

0.90
0.07
0.01

0.89
0.05
0.00

0.56
0.11
0.01

0.65
0.14
0.02

0.80
0.11
0.01

0.87
0.02
0.00

0.66
0.18
0.03

0.68
0.18
0.03

0.77
0.20
0.04

0.82
0.14
0.02

0.44
0.20
0.04

0.50
0.18
0.03

0.57
0.18
0.03

0.69
0.14
0.02

0.67
0.14
0.02

0.68
0.14
0.02

0.72
0.14
0.02

0.73
0.12
0.01

0.56
0.21
0.03

0.69
0.19
0.03

0.77
0.17
0.03

0.81
0.12
0.01
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D.

Summary of Findings
In summary, remote sensing results showed positive, negative, and minor changes

in estimated forest extent and health. Here positive and negative changes represent both
changes in forest extent and health. MODIS results showed positive changes in Dhule,
Dangs, Dharwad, and Dindigul, negative in Kannur and Pattanamtitta, and a slight
negative in Idukki. On the other hand, Landsat ETM+ and ASTER results showed a
positive change in Dhule, Dangs, and Dharwad, negative in Kannur, Idukki, and
Pattanamtitta, and little to no total change in Dindigul.
Assessing land cover health and extent from space has become a crucial aspect of
trend analyses, biodiversity assessments, and particularly policy creation and reformation
(Bawa et al., 2002). Taking into account potential errors and uncertainties, the goal is to
come to a relevant conclusion with as much accuracy as possible. With the results from
this study, the next step is to determine if there is a link between the discovered changes
in land cover and state and local level environmental policy practices.
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VI.

A.

DISCUSSION

Key Findings

In several of the districts analyzed, the coordinating MODIS and ASTER/Landsat
results for each district agreed with regards to general increasing/decreasing forest cover
trends. For example, MODIS results for Dhule, Maharashtra showed a 90% increase in
forest cover from 2001 to 2011. Landsat and ASTER imagery showed a more substantial
increase in NDVI forest cover threshold area of 352%. Similarly, MODIS results for
Dharwad, Karnataka, overestimated a nearly 100% increase in forest cover from 2001 to
2011 in the district. Landsat results show an increase in NDVI threshold area of 82%.
Other districts, however, show mixed results. For example, MODIS results for Kannur,
Kerala, estimate a 47% decrease in forest cover from 2001 to 2011 while NDVI threshold
areas increased slightly at 4.1% during the same time period.
Figure 6.1 shows the amount of land area in each district related to the 0.42-1.0
NDVI defined forest cover threshold range. For example, in 2001, the NDVI values
within the defined threshold in Dhule are present in 583 km2, or 8.11% of the total 7,189
km2 area of the district. From this graph it is notable that the districts containing the most
forest cover with respect to total area are all in the state of Kerala: Kannur, Pattanamtitta,
and Idukki; however, the percent of forest cover in each of these districts changes by
+3.50%, -10.14%, and -8.91%, respectively, from 2001 to 2011 while estimates for the
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remaining districts of interest all show substantially greater increases in forest cover
between 10.79% and 56.09% during the same time period (2001-2011).

NDVI-Derived Threshold Area
100%
90%
80%

% Total Area

70%
60%
50%

40%
30%
20%
10%
0%

Dhule
The Dangs
Dharwad
Kannur
Idukki
Pattanamtitta
Dindigul

2001
8.11%
15.39%
38.51%
85.18%
96.11%
97.55%
85.24%

2003
15.93%
26.99%
45.18%
89.47%
93.89%
96.80%
63.05%

2005
18.50%
25.22%
35.00%
87.60%
94.61%
97.59%
55.51%

2007
25.02%
58.45%
24.52%
86.76%
76.81%
90.63%
64.72%

2009
33.37%
87.22%
27.38%
86.26%
93.90%
97.70%
46.92%

2011
36.63%
71.48%
70.09%
88.68%
87.20%
87.41%
96.03%

Figure 6.1 Correlation Results for JFMCs and Forest Cover. Amount of land accounted for in
each district by the NDVI forest threshold (0.42-1.0) as a percent of the total area in each
district.
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B. Land Use and Policy Correlation

B.1.

Statewide Statistical Analysis

A statewide analysis utilizing two key statistical coefficients was conducted
before specifically focusing on the districts of interest. To do so, two datasets were used:
the MCD12Q1 Land Cover yearly Product (discussed in Chapter II: Methodology –
Section B.1) to estimate changes in forest extent and the MODIS MOD13Q1 Vegetation
Indices product to estimate changes in forest health. The MOD13Q1, unlike the 500
meter resolution yearly MCD12Q1 product, is a 250 meter resolution 16-day product that
provides estimates of NDVI and EVI. For the statewide analysis, the EVI product was
utilized because the MODIS NDVI product is particularly sensitive to soil background
and leaf properties (Chen et al., 2006); further, the accuracy of the NDVI and EVI
products are ±0.025 and ±0.015, respectively (MODIS land team, 2009). MOD13Q1
data was acquired biennially from 2001-2011 with February 18 scene dates, meaning an
average of data from February 1-17. From the MCD13Q1 and MOD13Q1 data, average
estimates for forest extent (in km2) and changes in forest health (i.e. amount of land in
km2 with EVI values within the threshold range of 0.2-1.0 as defined in Chapter IV:
Methodology) were acquired, respectively. Once estimates of forest extent and health
were calculated, they were used in the two statistical analyses to compare the correlation
first between forest extent and the number of Joint Forest Management Committees
(JFMCs) in each state, and next between forest health and JFMCs.
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B.1.a.

Pearson’s Correlation Coefficient

The Pearson’s Correlation Coefficient (denoted r) is a measure of the linear
correlation or linear dependence between two variables, X and Y (Wilks, 2011). Values
range from -1 to 1 with values near -1 representing a strong negative correlation, 0 no
correlation, and 1 a strong positive correlation. Specifically, the Pearson’s Correlation
Coefficient for a sample represented in (6.1) is based on estimates of covariances and
variances:
(6.1)

where r = Pearson’s correlation coefficient of a sample, X = number of JFMCs in a state,
Y = forest area (or average EVI in forest area), and n = 6. The Pearson’s Correlation
Coefficient was calculated twice: first comparing the correlation between changes in
forest extent in each state of interest and the number of JFMCs (Table 6.1), and next
comparing the correlation between forest health and JFMCs (Table 6.2). The maximum
positive r value is presented in Table 6.1, comparing the correlation between forest extent
and JFMCs. Specifically for the Pearson’s Correlation Coefficient, the critical value for
four degrees of freedom (dof) where dof = n-2 is 0.7293 at the 90% confidence level and
0.608 at the 80% confidence level. In other words, referring to Table 6.1, in Karnataka (r
= 0.724) there is a positive correlation between increases in forest extent and JFMCs at
the 80-90% confidence level.
Unfortunately, Karnataka is the only state that represents such a definitive
positive correlation between JFMCs and forest condition; rather, the most prominent
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correlations are negative with respect to both forest extent and health. The most likely
explanation for these unexpected correlation values is due to the small sample size.
Ideally, there would be a minimum of 30 samples for running a statistical analysis.
Unfortunately, data concerning the number of JFMCs in each state was incredibly scarce
(Table 6.3) so a sample size of six was utilized.

B.1.b.

Coefficient of Determination

The Coefficient of Determination (denoted R2) simply indicates how well data
points fit a line. Data values range from 0 – 1 with values near zero indicating few points
falling within the regression equation line and values near one indicating more points
falling within the estimated linear trend line.

As an example, if the coefficient of

determination is 0.75 this basically means that 75% of the points should fall within the
regression line. The equation shown in (6.2) is based on the ratio of regression sum of
squares (SSR) and sum of squares total (SST):
(6.2)

where R2 = coefficient of determination, SSR = regression sum of squares, SST = sum of
squares total, yi = observed value, ŷi = fitted value, and ȳ = mean of observed value. R2
was calculated for each state, similar to the Pearson’s Correlation Coefficient, first
comparing the correlation between forest extent and the number of JFMCs in each state
(Table 6.1), and next comparing the correlation between forest health and JFMCs (Table
6.2). In Table 6.1, analyzing the relationship between changes in forest extent and the
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number of JFMCs, the greatest correlation is present in the state of Kerala; however, due
to the slope value of -13.168 this shows that as the number of JFMCs increase, the
amount of forest cover decreases, an opposite trend of what would be expected. The
remaining correlations for both forest extent and health have values ranging from 0.0001
to 0.525 with an average R2 of 0.341 analyzing forest extent and JFMCs and an average
of 0.355 comparing forest health and JFMCs. These low R2 represent low correlations
between changes in forest extent and health with the number of JFMCs in each state of
interest.

Table 6.1 Correlation Results for JFMCs and Forest Cover. r, R2, and m
represent the Pearson’s correlation coefficient, coefficient of determination, and
slope, respectively.

State
Gujarat
Karnataka
Kerala
Maharashtra
Tamil Nadu

R2
0.0001
0.525
0.947
0.006
0.229

r
-0.012
0.724
-0.973
-0.078
-0.478

m
-0.013
0.851
-13.168
-0.066
-1.426

Table 6.2 Correlation Results for JFMCs and Forest Health. Correlation results
for number of JFMCs and average EVI in forested area.

State
Gujarat
Karnataka
Kerala
Maharashtra
Tamil Nadu

R2
0.336
0.267
0.448
0.232
0.492

r
0.579
-0.516
-0.669
0.481
-0.707
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m
1.443
-0.495
-6.030
0.408
22.000

Table 6.3 JFMC Count in Each State. Estimated Joint Forest Management
Committees (JFMCs) in each state. JFMC data acquired from the Ministry of
Environment and Forests for 2000, 2003, and 2011 while 2005, 2007, and 2009
data was acquired from each state’s respective Forest Department.

State
Gujarat
Karnataka
Kerala
Maharashtra
Tamil Nadu

B.2.

2000
1237
2620
32
2153
799

2003
1424
3470
323
5322
1816

2005
1886
3022
422
8182
1546

2007
2347
4573
521
11043
1275

2009
2578
4849
571
12473
1140

2011
3299
5200
632
12648
1258

Dhule, Maharashtra

Joint Forest Management (JFM) in Maharashtra is much larger in comparison to
other states. In fact, in 2004 Maharashtra had the second highest population participating
in JFM as well as the fourth highest forest area (Sudha & Ravindranath, 2004). Recent
history has also shown substantial increases in JFMCs across the state.

In 2003,

Maharashtra had 5,322 JFMCs managing over 14,000 km2 of forest. By 2009, that
number had jumped to 12,473 JFMCs (MoEF, 2009), an increase of 134% in just six
years. Results from Landsat and ASTER imagery during the same time period show
substantial increases in forest extent and health. NDVI threshold extent increases 16%
from 2003 to 2005, 35% from 2005 to 2007, 33% from 2007 to 2009, and 10% from
2009 to 2011. This totals a 130% increase from 2003 to 2011 in NDVI threshold area
alone.
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Even with a 16.84% increase in Dhule’s population density from 2001 to 2011—
237 to 285 persons per square kilometer (Census of India, 2011b)—substantial positive
changes in forest health and extent are apparent, refuting the expected association
between population growth and forest degeneration. The correlation between the rapid
increase in JFMCs in Maharashtra and the similar escalation in forest extent and health in
Dhule supports the case that the influence on forest transition has been the development
of intensive forest protection policies, an example being community-state partnerships
through the JFM program.

This shows there is not always a simplistic negative

correlation between population and forest area, but often the amount of forest cover is
dependent upon the population involved in local conservation and restoration measures.

B.3.

The Dangs, Gujarat

Gujarat was one of the first Indian states to implement JFM in 1991. Similar to
Maharashtra, Gujarat has recently shown substantial increases in JFMCs throughout the
state with 1,336 JFMCs in 2002 and 2,578 in 2009 (MoEF, 2009), a 93% increase in
seven years. Gujarat has also enacted more stringent management practices including an
around-the-clock watchman method for forest protection as well as a complete ban on
cattle grazing (Ravindranath et al., 2004). Currently, the Gujarat Forestry Development
Project – Phase II externally funded by the Japan International Cooperation Agency
(JICA) is a key project focused on the restoration of degraded forests and the
empowerment of local people through the promotion of JFM (MoEF, 2013b). The
program began in 2007 and is scheduled to end in 2014/2015. Thanks to the relationship
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with JICA, Gujarat has more economic resources to support enhanced management and
restoration plans throughout the state. Another example of Gujarat’s success in forest
management is seen in a 2004 survey conducted by Mudrakratha et al. (2004) where 206
JFMCs were analyzed. Of those, only two (less than 1%) reported no change in tree
population due to JFM management practices while all JFMCs reported increased
availability of fuel wood, NTFPs, fodder, and poles for household usage (Mudrakratha et
al., 2004).
Comparing changes in forest policy during this time period with GIS results
during the same time, a noticeable connection between enhancement of community-based
forest management and increases in forest cover extent and health can be seen. From
2003 to 2011—coordinating with a 93% increase in JFMCs from 2002-2009—GIS
results show an increase in average NDVI of 58%; further, the NDVI estimated threshold
area increases 165% from 2003 to 2011.
Similarly to Dhule, the Dangs observed a 17.83% increase in population density
from 106 to 129 persons per square kilometer from 2001 to 2011 (Census of India,
2011b), again countering the common pattern in which increasing land degradation is
associated with increasing population or population density (Grepperud, 1996).

With

these results we can more confidently conclude that the Dangs district in Gujarat showed
consistent increases in forest cover extent and health during the 2001-2011 analysis
period due to a combination of increased JFMCs, strict management practices, and
external economic assistance.
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B.4.

Dharwad, Karnataka

The participation of community members in forest management in Karnataka
began long before the formation of the JFM or Joint Forest Planning and Management
(JFPM) program in 1993.

Twenty three community-initiated Forest Protection

Committees have been protecting approximately 665 ha of forest over a 100 year period
(Rao et al., 2002). More recently, JFPM has drastically expanded throughout the state.
In 2002 there were 2,332 Village Forest Committees (VFCs)—equivalent to JFMCs—
managing 773 km2 of forest. By 2009 that number had jumped to 4,849 VFCs (MoEF,
2009), an increase of 108% in seven years. Unlike other states, the majority of VFCs
(71%) are externally funded rather than internally through the state or central government
(Rao et al., 2002).

One such notable externally funded project was the Karnataka

Sustainable Forest Management and Bio-diversity Conservation Project funded by the
Japan International Cooperation Agency (JICA). The program began in 2005 with the
purpose of restoring forests and improving livelihoods through afforestation practices via
the JFPM (MoEF, 2013b).

Other notable externally funded programs include the

Western Ghats Forestry Project (VGFP) and the Forestry and Environmental Project for
Eastern Plains (FEPEP) funded by JICA (Sudha et al., 2004). With more external
funding, the JFPM program in Karnataka has the added benefit of being able to support
more forest watchmen and management staff, an uncommon situation in other regions in
India.
Focusing on GIS results, MODIS analysis estimates reveal nearly a 100%
increase in forest cover in Dharwad from 2001 to 2011. Index results from 2005-2011
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show a variable increase then decrease in NDVI estimates. For example, the NDVI forest
cover threshold value covered an area of 1,491 km2 in 2005. In 2007 this dropped to
1,045 km2, a 30% decrease. In 2009 it rose to 1,166 km2, an increase of 12%. Finally,
from 2009 to 2011 NDVI threshold area dramatically increased 156% to 2,986 km 2.
These results do not match well with the enactment of the large scale Karnataka
Sustainable Forest Management and Bio-diversity Conservation Project in 2005.

If

enacted in 2005 we would assume positive transitions from 2005-2007 rather than
negative.
With respect to average index values throughout the district, NDVI values
increased from 2001-2003, decreased from 2003-2007, and again increased from 20072011. Potential causal factors for this trend might include atmospheric effects, increased
vegetation stress due to less rainfall, harmful agricultural practices, project
implementation lag time, or other unknown variables. To get a better understanding of
the impact of VFCs in the district conducting interviews with local community members
or using ground survey techniques will be necessary. Unfortunately, GIS and remote
sensing results alone are not adequate for understanding the causal factors for the forest
transitions that occurred in Dharwad from 2001 to 2011; supplementary qualitative
information concerning specific local management practices, community perception, and
policy implementation are necessary before effectively understanding the factors causing
the aforementioned forest transitions.
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B.5.

Kannur, Idukki, and Pattanamtitta Kerala

JFM was introduced later in Kerala compared to most other Indian states which
adopted JFM in the early to mid-1990s.

JFM, known as Participatory Forest

Management (PFM) in Kerala, was established in 1998 under World Bank aid (Masuda et
al., 2005).

Estimates of the number of VSSs (JFMCs) in 2009 range from 405

(Aravindakshan, 2011) to 571 (MoEF, 2009). Interesting to note is the relatively small
number of JFMCs in Kerala compared to the previous states discussed. In recent years, a
decrease in communal unity between districts due to boundary conflicts has become
apparent (Aravindakshan, 2011).

Further, tribal societies continue to exercise their

natural rights to the NTFPs in the forests, degrading the forests and causing conflicts with
local communities dependent upon NTFPs for their livelihood (MoEF, 2006).
In Kannur, MODIS land cover product analysis shows a 47% decrease in forest
cover from 2001 to 2011. Landsat and ASTER results, however, do not show significant
changes in forest extent and health. For example, NDVI threshold area increases from
2,526 km2 in 2001 to 2,630 km2 in 2011, a slight 4% increase. With regards to forest
health average NDVI follows an irregular increasing followed by decreasing trend,
similar to Dharwad. Even though MODIS and Landsat/ASTER results do not show
similarities, both results incline to the conclusion that forest management has had little
impact in Kannur since 2001. One potential explanation could be the effect of intense
population density in the district which can lead to forest encroachment and overexploitation of forest products. Although it only slightly increased by 4.58% from 2001
to 2011 (812 to 851 persons per square kilometer), the impact of 850 people in a square
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kilometer—three times the average in India—would normally cause massive land
degradation. Although JFM in Kannur cannot be credited with substantial increases in
forest extent, the fact that forest cover has generally remained constant over the past ten
years shows progress considering the large population in the district.
Further south in the Idukki district, MODIS results show a slight, 7%, decrease in
forest cover from 2001 to 2011. Landsat ETM+ analysis results show a 9% decrease in
NDVI threshold area. Average NDVI decreases 9% from 2001 to 2011 representing a
decrease in forest health. In general, Idukki—similar to Kannur—shows minimal change
during the study period. Unlike Kannur, Idukki’s population density decreased 1.97%
from 2001 to 2011 (259 to 254 persons per square kilometer). Thus, increased population
pressures cannot be credited with negative forest transitions in the district. In order to
obtain a better understanding of on-the-ground forest conditions in Idukki it would be
necessary to speak with local community members and forest management officials.
Like Kannur, GIS results alone are inconclusive as to the primary cause of land cover
change in the district.
Pattanamtitta is the last district of interest in the state of Kerala. MODIS analysis
showed the most substantial change in this region compared to other districts within the
state with a 42% decrease in forest cover and 315% increase in cropland from 2001 to
2011. Unfortunately, errors in Landsat results were more prominent in Pattanamtitta than
in any other district due to cloud cover, imagery acquisition date, and missing data as
discussed in the Errors and Uncertainties section in Chapter V. Here primary focus is
given to transitions from 2001 to 2009 since 38% of the 2011 imagery is missing. The
change in average NDVI value from 2001 to 2009 was negligible increasing only 0.0001.
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With regards to threshold area, NDVI slightly increased from 2,577 km2 in 2001 to 2,581
km2 in 2009.

Even though MODIS results show the most prominent land cover

transitions occurring in Pattanamtitta, Landsat results show the exact opposite with
minimal change in average index values as well as index threshold areas. This can
potentially be explained by the lack of 100% cloud free imagery for Pattanamtitta in most
of the years analyzed.
Given the approach described here, GIS results for all three Kerala districts are
inconclusive as to defining a clear link between land cover change and forest policy.
This is an example of the necessity of ground truth information and knowledge from
management committees for a more accurate spatial analysis of these districts (Nagendra
et al., 2005). Although GIS can provide accurate assessments in many cases, in others
more information such as the number of Joint Forest Management Committees in each
district, specific management practices, locations of tribal populations, or areas of
community dissidence is required for an adequate evaluation.

B.6.

Dindigul, Tamil Nadu

JFM was initiated in Tamil Nadu in 1997 as part of the popular Tamil Nadu
Afforestation Project (Matta & Kerr, 2007) externally funded by the Overseas Economic
Cooperation Fund of Japan. Initially, afforestation, the planting of trees in areas where
there were originally no forests, was the primary goal for JFM in Tamil Nadu. Because
of this, degraded lands were the primary target for JFM implementation. Unfortunately,
this led to deep antagonism between the State Forest Department and non-JFM villages
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that wanted to obtain the same monetary benefits as chosen JFM villages. This in turn
caused villagers from non-JFM communities to encroach on forests under JFM (Matta &
Kerr, 2007).
Tamil Nadu has had several prominent externally funded projects over the years.
Two recent projects include the Tamil Nadu Afforestation Project – Phase 2 and the
Tamil Nadu Biodiversity Conservation and Green Project. Both projects are externally
funded through the Japan International Cooperation Agency. The Phase 2 Afforestation
Project began in 2005 (and recently finished in 2012) with the goal of restoring forests
and improving livelihoods by afforestation through JFM (MoEF, 2013b).

The

Biodiversity Conservation and Green Project recently began in 2011 and is scheduled for
completion in 2018/2019.

Like the Afforestation Project, the goal is to strengthen

biodiversity conservation by improving management capacity as well as undertaking tree
planting outside recorded forest areas (MoEF, 2013b). As of 2009 there were 1,140
JFMCs throughout Tamil Nadu primarily focused on afforestation (MoEF, 2009).
With ample external funding, more substantial increases in forest extent and
health would be expected due to an increase in the number of management officials and
conservation practices. MODIS data shows a 64% increase in forest cover from 2001 to
2011. Landsat analysis data are more variable, however, with no consistent increasing or
decreasing trend. Errors are present in both 2001 and 2011 imagery in the form of clouds
and missing data, respectively. However, this constitutes less than 6% of data in both
cases. Average NDVI over the total area increases 7.2% from 2001 to 2011 while the
average threshold NDVI value increases minimally (0.1%) from 2001 to 2011. With
regard to forest extent, the NDVI threshold area increases 13% from 2001 to 2011.
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However, there is variability between 2001 and 2011 with a decrease in NDVI threshold
area from 2001 to 2009 until a sharp increase in 2011. Similar to results from the Kerala
districts of interest, a clear spatial connection cannot be identified between land cover
change and forest management in Dindigul, Tamil Nadu.

C.

Future Work

The purpose of this study was to show the applicability of using remote sensing
data to analyze the implications of local forest management in several districts in the
Western Ghats of India. Although results from two districts (Dhule and the Dangs)
showed a clear correlation between management practices and forest transition through
the analysis of remote sensing data and GIS results, the remaining seven districts (in all
states of interest) require further analysis before determining the direct impact of village
level management.
In the future, in-depth interviews with community members will be necessary to
provide information about the impact of JFM initiatives on local institutions.
discovered by Nagendra et al. (2005) in a study involving forest management in Nepal:

Remote sensing provides an effective means of quantifying
the impact of different approaches to forest management on
land-cover change. At the same time, it is important to
recognize that analysis of remotely sensed data requires
fieldwork to interpret human activities and incentives that
relate to land-cover change, and to understand the
underlying socioeconomic and institutional factors that
drive forest-cover change in these regions. (Nagendra et al.,
2005)
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As

Although some of the geospatial data from this study show a connection between
forest transitions and local management initiatives, this is not often the case. Ideally,
communications with a subset of JFMCs in each district will lead to a better
understanding of the unique management conditions in each district as well as the
differing perspectives of community members.

Quantitatively, the exact number of

JFMCs within each district rather than the state as a whole will also provide more
appropriate results for each district of interest. The combination of qualitative smallscale village knowledge with large-scale quantitative geospatial data is the ideal scenario
for the accurate determination of forest transition causal factors.
Another aspect to consider is the type of forests that are being reforested or
afforested through these management programs. The results of this study only represent
the change in total forest cover rather than the specific types of forests. In the future,
evaluating the types of forests being restored as well as their primary purpose (i.e. timber
products, endemic species, NTFPs, etc.) will be necessary in determining forest quality in
terms of biodiversity and ecosystem function (Li et al., 2013).
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D.

Conclusions

The three primary objectives of this study were to

1)

Determine the change in forest cover extent and health in the districts of
interest in the Western Ghats from 2001 to 2011,

2)

Analyze varying forest management practices in the states and districts of
interest,

3)

Determine if a direct link between management practices and forest
transition can be seen using GIS and remote sensing technology.

To determine changes in forest cover several vegetation indices were initially
used to analyze both forest health and extent; however, NDVI was chosen as the most
reliable index for analyzing changes in tree cover properties. The assumption was made
that areas containing the specified NDVI tree cover threshold range (0.42-1.0) were forest
cover. However, errors and uncertainties were present in several districts, namely due to
cloud cover, mosaicking images with different acquisition time periods, and simply the
lack of cloud free imagery.
Results showed the chosen NDVI threshold range tended to overestimate tree
cover, or increase errors of commission. A sensitivity analysis (Chapter VI Section C.1)
showed that changing the threshold range greatly impacted the estimated forest extent;
further, changing the threshold range also impacted the accuracy determined by visual
interpretation (Chapter VI Section C.2). The results from these two analyses show that
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while cloud cover and data pre-processing methods impact the overall results, the
selection of an NDVI tree cover threshold range is the most important factor for
accurately estimating changes in forest extent and health. Results for forest properties in
each district were presented in both Chapter V as well as this concluding Chapter VI.
Chapter III presented the history of environmental policy in India, key national
policies relevant to forest cover, an evaluation of the Joint Forest Management Program,
as well as a regional analysis of relevant state and local policies in each district of
interest.

Each state and district had both similar and unique techniques for forest

management and restoration. A summary of each regional policy is found in section C.5.
of Chapter III.
The last objective showed different results in each district. As previously stated, a
direct link between forest transition and local forest management can be seen using GIS
and remote sensing techniques in two of the districts. However, the majority of districts
require further qualitative information such as that listed in Future Work before a link can
be determined.
Although supplementary information and data are required before accurately
determining the link between forest policy and transitions, this study proves the
usefulness and necessity of geospatial technology for analyzing changes in land cover.
This will be particularly useful in developing countries such as India when determining
the best policy creation, implementation, or enforcement methods to be used at the
national, state, and local levels.
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